Historic,  archived  document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices 


DEPARTMENT  OF  AGRICULTURE. 


K  E  S  U  L  T  S 


OF 


FIELD   EXPERIMENTS 


WITH 


VARIOUS    FERTILIZERS. 


BY 


Prof.  W.  O.  ATWATEB,  Ph.  D. 


WASHINGTON: 

GOVERNMENT   PRINTING  OFFICE, 
7709  1883. 


TABLE    OF    CONTENTS. 


Page. 

Introduction 5 

Objects  of  the  present  article. , 5 

Variations  in  demands  of  different  soils  for  plant  food , 6 

Suggestions  for  experimenting 8 

Plan  of  the  present  article 8 

1.  Special  experiments , 9 

Experiments  upon  nitrogen  supply. . , 9 

Schedules  of  experiments  for  nitrogen  tests : 10 

Experimental  fertilizers 11 

List  of  experiments  and  experimenters 12 

Mr.  Fairchild's  report «... 13 

2.  General  experiments 14 

Soil  tests  with  fertilizers 14 

Purpose  and  plan  of  the  experiments 15 

Fertilizing  materials 16 

Experimental  fertilizers 17 

Directions  for  the  experiments 17 

The  reports  and  their  value 2L 

W.  C.  Atwood's  experiment 22 

What  the  reports  say — failures  and  successes 22 

General  average  of  experiments  24 

Repetitions  of  experiments 27 

3.  Notes  upon  individual  experiments 29 

Mr.  Bartholomew's  experiments 29 

Mr.  Fairchild's  experiments 34 

Mr.  Sage's  experiments 36 

Mr.  Newton's  experiments 36 

Experiments  by  Mr.  Clenden 36 

Professor  Stubbs's  experiments 37 

Pennsylvania  Agricultural  College  experiments  by  Professor  Jordan 41 

New  Hampshire  Agricultural  College  experiments  by  Mr.  Sanborn 50 

University  of  Tennessee  experiments  by  Professor  McBryde 57 

4.  General  discussion  of  experiments 57 

The  feeding  capacities  of  plants 57 

The  theories  of  Ville • 59 

Ville's  formulas 60 

Experiments  of  Messrs.  Lawes  and  Gilbert 64 

Specific  effects  of  the  different  fertilizing  materials 66 

Effects  upon  corn 67 

Effects  upon  potatoes 69 

Effects  in  selected  experiments 70 

Effects  upon  corn 70 

Effects  upon  potatoes 71 

5.  Results  and  general  application 76 

Further  summary  of  effects  of  ingredients  of  fertilizers 76 

Effects  of  the  different  fertilizers  upon  the  quality  of  the  corn 77 

Mode  of  applying  the  fertilizers 79 

Chemical  fertilizers  vs.  farm  manures 80 


4  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 

Page, 

5.  Results  and  general  application — Continued. 

Practical  applications 81 

Other  conditions  affecting  the  action  of  fertilizers 83 

The  best  fertilizers  for  different  crops 84 

6.  Plans  for  co-operative  experiments 85 

Qualities  of  materials  to  he  used 86 

Nitrogen  experiments 86 

Phosphoric  acid  experiments 87 

7.  Appeudix: 

Explanation  of  tables 100 

Tables  of  results  of  experiments 102 

Details  of  nitrogen  experiments 134 

8.  Determinations  of  nitrogen  in  the  soils  of  some  of  the  experimental  fields  at 

Rothamsted,  and  the  bearing  of  the  results  on  the  question  of  the 

sources  of  the  nitrogen  of  our  crops 142 

Yield  of  nitrogen  in  different  crops 144 

Yield  of  nitrogen  in  wheat  and  barley 144 

Yield  of  nitrogen  in  root  crops 145 

Yield  of  nitrogen  in  leguminous  crops 147 

Yield  of  nitrogen  by  a  rotation  of  crops 148 

Yield  of  nitrogen  in  the  herbage  of  grassland 149 

Yield  of  nitrogen  in  meliloius  leucantha 150 

Summary  of  yield  of  nitrogen  in  crops ^ 151 

Sources  of  the  nitrogen  in  crops 152 

Combined  nitrogen  in  rain,  etc 152 

Other  supposed  sources  of  combined  nitrogen 155 

Do  plants  assimilate  free  nitrogen  ? 155 

Recapitulation 161 


RESULTS  OF  FIELD  EXPERIMENTS  WITH  VARIOUS 

FERTILIZERS. 


IK  TROD  UCTION. 

The  objects  of  the  present  article  are: 

1.  To  describe  a  series  of  experiments  conducted  on  similar  plans, 
but  under  widely  varying  conditions,  by  some  hundreds  of  scientific  and 
practical  agriculturists  in  all  of  the  older  and  some  of  the  newer  States 
of  the  Union. 

2.  To  set  forth  the  main  results  of  these  experiments,  and  the  infer- 
ences to  be  derived  from  them. 

3.  To  suggest  plans  for  further  experiments  under  the  auspices  of  the 
United  States  Department  of  Agriculture. 

In  introducing  the  subject,  it  may  be  well  to  briefly  recapitulate  some 
of  the  main  results  of  the  experiments.  I  may  perhaps  be  permitted 
to  quote  from  an  address  delivered  at  a  convention  held  at  the  Depart- 
ment of  Agriculture  in  January,  1882  : 

Farmers,  from  Canada  to  Texas,  are  spending  millions  upon  millions  of  dollars 
every  year  for  guano,  fish,  scrap,  ammoniated  superphosphates,  nitrate  of  soda,  and 
the  like.  Ostensibly,  they  are  buying  the  fertilizers  at  from  $v!0  to  $100  per  ton.  Ac- 
tually, they  are  buying  nitrogen  at  from  15  to  40  cents  per  pound.  But  need  the 
farmer  spend  so  much  for  nitrogen ?  Or  might  he  use  more  with  profit?  These  are 
questions  that  no  professor  of  agriculture  can  answer.  Indeed,  no  chemist  or  botanist 
to-day  can  so  much  as  tell  him  how  the  different  plants  he  cultivates  stand  related 
to  nitrogen,  for  what  ones  he  must  buy  it,  and  what  ones  he  may  use  in  his  rotation 
to  gather  it  from  nature's  stores  and  furnish  it  to  him  without  money  and  without 
price  save  the  cost  of  tillage. 

The  question  of  the  nitrogen  supply  is  only  one  of  a  great  many  whose  solution  is 
most  urgently  demanded.  We  must  know  how  to  feed  our  plants,  or  go  without  food 
ourselves.  We  need  more  light.  Some  must  come  from  the  laboratory  and  the  green- 
house; some  must  be  sought  in  the  field.  _ 

Five  years  ago.  while  director  of  the  Connecticut  agricultural  experiment  station, 
I  suggested  some  field  experiments  with  fertilizers  to  be  carried  out  by  farmers  for  the 
purpose  of  studying  the  needs  of  their  soils  and  the  best  materials  to  supply  them. 
The  outgrowth  of  these,  in  the  form  of  extended  series  of  experiments  during  four 
successive  seasons,  has  been"  stated  briefly  in  the  American  Agriculturist,  and,  in  more 
detail,  in  the  Reports  of  the  Connecticut  Board  of  Agriculture  for  1877, 1878, 1879,  and 
1880.  The  experiments  of  1881  have  not  yet  been  published  in  detail,  but  a  few  of 
the  more  important  results  will  be  given  herewith. 

With  the  sets  of  experimental  fertilizers  were  sent  blanks  on  which  any  who  should 
choose  were  invited  to  send  reports  of  their  experiments.  Nearly  three  hundred  ex- 
periments have  been  reported.  They  come  from  colleges,  experiment  stations,  and 
individual  farmers  in  all  the  States  east  and  from  some  west  of  the  Mississippi,  and 
from  several  of  the  British  provinces.  The  quality  of  the  work,  as  indicated  by  the 
reports,  is  most  gratifying. 
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NEED   OF    MORE    INFORMATION. 

Hitherto  we  have  "been  compelled  to  rely  mainly  upon  European  investigations  for 
our  facts  regarding  the  nutrition  of  plants  and  die  action  of  manures.  Our  informa- 
tion is  incomplete,  and  even  the  foremost  teachers  may  give  us  wrong  counsel. 

Dr.  J.  B.  Lawes,  of  Rothamstetl.  England,  unquestionably  the  foremost  field  ex- 
perimenter in  the  world,  in  writing,  in  1673.  to  the  Treasurer  of  the  Massachusetts 
Society  for  the  Promotion  of  Agriculture,  said:  "  The  best  possible  manure  for  all 
graminaceous  crops — wheat,  barley,  maize  (corn),  oats,  sugar-cane,  rice,  and  pasture 
grass — is  a  mixture  of  superphosphate  and  nitrate  of  soda.  *     *     Potash  is  gen- 

erally found  in  sufficient  quantities  in  soils,  and  the  artificial  supply  is  not  required." 
In  more  than  half  of  our  experiments  with  corn,  and  in  nearly  all  with  potatoes,  the 
crops  have  been  materially  aided  by  potash  salts,  and  without  potash  in  thefertili 
they  have  often  failed.  The  mixture  which  Dr.  Lawes  regards  as  u  the  best  possible 
manure  "  for  corn  was  sometimes  very  useful,  and  sometimes  brought  almost  no  return. 
The  potash,  which  his  experience  in  England  led  him  to  consider  superfluous,  v 
here,  in  many  cases,  the  most  necessary  of  all  the  fertilizing  ingredients. 

Several  years  ago  the  professor  of  agriculture  of  one  of  our  leading  agricultura 
colleges  proposed  a  series  of  formulas  for  different  crops.     With  the  rest  was  one  for 
corn,  which,  with  ;t  moderate  proportion  of  potash  and  a  small  amount  of  phosphoric 
acid,  supplied  nitrogen  at  the  rate  of  64  pounds  and  at  a  cost  of  over  >15  per  acre. 

Professor  Ville,  of  France,  whose  theories  of  plant  nutrition  and  for- 
mulas for  fertilizers  have  been  very  widely  published  and  followed  in 
Europe  and  the  United  States,  proposes  also  a  formula  for  corn,  which 
would  cost  from  819  to  827,  and  containing  at  a  cost  of  from  85  to  89 
per  acre,  according  to  the  kinds  of  materials  employed. 

Both  of  these  gentlemen  thus  assumed  that  to  raise  corn  successfully 
will  require  large  and  costly  supplies  of  nitrogen.  The  cptestion  whether 
corn  can  gather  its  own  nitrogen,  like  clover,  or  demands  an  artificial 
supply,  like  wheat,  whether  it  is  an  ••  exhausting"  or  a  ••renovating7' 
crop,  has  been  much  discussed.  Upon  its  answer  depends  the  sucee^ 
of  corn-growing  in  our  older  States.  The  experiments  referred  to  bear 
emphatic  testimony  upon  this  point.  The  corn  has  almost  uniformly 
refused  to  respond  to  nitrogen  in  fertilizers,  and  persists  in  getting  on 
well  without  any  artificial  supply.  But  it  has  been  largely  benefited 
by  phosphoric  acid,  and  often  by  potash.  The  formulas  above,  with  their 
large  and  excessively  expensive  amounts  of  nitrogen,  would,  in  nearly 
every  case,  have  involved  great  waste  of  both  fertilizer  and  money. 


VARIATIONS  IN  DEMANDS  OF  DIFFERENT  SOILS  FOR  PLANT-FOOD. 

Another  outcome  of  these  experiments  which  seems  to  me  especially 
useful,  is  found  in  the  very  forcible  illustration  they  give  to  the  differ- 
ences of  soils,  as  regards  their  deficiencies  of  plant-food,  and  the  effects 
of  different  fertilizing  materials  used  upon  them.  In  some  places,  phos- 
phoric acid;  in  others,  potash  :  in  others,  nitrogen  ;  in  others,  lime: 
and  in  still  others,  several  or  all  of  these  ingredients  have  proven  indis- 
pensable   i   fertilizers  to  Becure  the  growth  of  crop-. 
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Mr.  W.  I.  Bartholemew,  of  Putnam,  Conn.,  has  been  conducting  the 
experiments  for  five  years.  In  every  trial  every  plot  which  has  received 
phosphoric  acid  has  given  a  more  or  less  satisfactory  return,  and  everyone 
without  phosphoric  acid  has  failed.  Nitrogen  and  potash  have  each  in- 
creased the  yield  of  corn,  but  neither  has  brought  enough  increase  to 
pay  its  cost,  and  the  loss  has  been  larger  or  smaller,  as  more  or  less  was 
used.  Potatoes,  on  the  other  hand,  have  responded  profitably  to  all  the 
ingredients  named. 

Mr.  C.  Sage,  of  Middletown,  Conn.,  has  had  a  very  different  experi- 
ence. The  phosphoric  acid  which  Mr.  Bartholemew  finds  so  effective 
helps  his  plants  but  very  little.  Nitrogen  proves  as  inefficient  with  him 
as  with  Mr.  Bartholemew.  But  potash,  which  on  Mr.  Bartholomew's 
land  had  scarely  any  effect,  proves  with  Mr.  Sage  decidedly  the  most 
effective  ingredient.  One  hundred  and  fifty  pounds  per  acre  of  muriate 
of  potash,  which  costs  Mr.  Sage  $3.50,  has  made  a  difference  between 
corn  so  poor  as  to  be  hardly  worth  husking,  and  60  bushels  or  more  of 
excellent  shelled  corn  per  acre,  and  a  fine  growth  of  stalks. 

Mr.  W.  0.  Newton,  of  Durham,  Conn.,  has  a  still  different  experience. 
Potash  is  as  useless  on  his  land  as  on  Mr.  Bartholemew's;  phosphoric 
acid  has  no  more  effect  than  with  Mr.  Sagv.  but  the  nitrogen  which  both 
the  latter  gentlemen  found  so  inenVient,  is  on  Mr.  Newton's  soil  the 
most  efficient  of  all.  Corn  responds  uniformly  and  largely  to  nitrogen 
in  every  form  and  on  every  plot  where  Mr.  Newton  has  used  it.  The 
yield  rises  and  falls  regularly  with  the  amount  of  nitrogen  applied,  and 
the  same  results  have  been  obtained  in  different  experiments  in  different 
seasons,  in  the  same  field.  Mr.  Newton's  experience,  however,  is  an  ex- 
ception, and  an  unusual  one. 

But  while  in  the  three  cases  above  mentioned  individual  ingredients 
were  profitable,  and  the  so-called  "  complete  fertilizers"  were  not  war- 
ranted by  the  experience,  in  other  cases  all  of  the  fertilizing  ingre- 
dients named  have  been  found  necessary,  and  the  omission  of  either  is 
followed  by  a  loss  of  produce. 

Thus  Mr.  Fairchild,  Middletown,  Conn.,  finds  the  complete  fertilizer 
most  profitable  in  every  case..  Whenever  he  omits  any  of  the  important 
ingredients  a  small  yield  results.  Mr.  Fairchild  further  finds  ihat  the 
amount  and  form  of  combination  of  the  fertilizing  ingredients  are  im- 
portant matters,  and  his  experiments  are  showing  him  in  what  forms  and 
ways  they  may  be  most  advantageously  used. 

And,  finally,  there  are  many  cases  in  which  no  artificial  supply  of  plant- 
food  brings  a  profitable  return.  Some  soils  will  give  good  returns  if 
manured,  and  others,  without  previous  draining,  irrigation,  amendment 
by  tillage,  use  of  lime,  marl,  or  otherwise,  will  not. 

Artificial  fertilizers,  rightly  used,rnust  become,  as  indeed  they  already 
are  getting  to  be,  among  the  most  potent  means  for  the  restoration  of 
onr  depleted  soils;  but  we  do  not  yet  know-  how  to  use  them,  and  it  is 
necessary,  not    only  that   new  facts   shall  be  learned,  but  that  those 
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already  known  shall  be  better  understood.    For  both  these  purposes  I 
believe  the  experiments  referred  to  are  eminently  useful. 

SUGGESTIONS   FOR   EXPERIMENTING. 

With  reference  to  experiments  with  fertilizers  the  present  article 
urges  that  it  is  only  by  selecting  specific  and  narrow  questions,  and 
working  at  them  systematically  and  continuously,  that  we  shall  secure 
the  most  valuable  results.  There  has  been  too  much  firing  at  random. 
We  need  to  choose  proper  points  of  attack,  be  sure  of  our  aim,  and  con- 
centrate our  fire  until  a  breach  is  made,  and  we  need  not  only  to  work 
rightly,  but  to  work  together.  Experiments  with  a  common  object,  on 
a  common  plan,  conducted  by  intelligent  and  careful  investigators  in 
different  places,  under  different  and  actually  observed  and  recorded 
conditions,  are  needed  to  bring  the  results  which  scientific  agriculture 
so  pressingly  demands. 

I  have  ventured  to  add  further  two  suggestions:  the  first,  and  a  per- 
fectly obvious  one  is.  that  to  get  the  most  complete  results,  we  need — 

I.  Field  experiments,  to  include — 

a.  The  culture  of  plants  on  plots  of  land  treated  with  different  ma- 
nures, and  careful  weighings  and  measurements  of  produce. 
1).  Where  practicable,  chemical  and  physical  studies  of  the  soil. 
c.  In  many  cases,  chemical  analyses  of  the  plants. 

II.  Pot  experiments,  in  which  the  conditions  can  be  definitely  known 
and  controlled,  and  the  needed  studies  of  soil  and  plants  be  carried  out 
with  equal  or  greater  convenience  and  accuracy. 

The  second  is,  that  there  ought  to  be  in  the  various  sections  of  the 
country  chemical  and  physical  surveys  of  the  laud  in  the  behalf  of  agri- 
culture, as  there  have  been  topographical  and  geological  surveys  in  the 
behalf  of  other  industries  and  interests.  And  in  fact  this  is  precisely 
the  direction  in  which  we  are  tending  in  this  experimental  work. 

PLAN  OF  THE  PRESENT  ARTICLE. 

In  this  attempt  to  collate  and  set  forth  the  results  of  the  work  of  so 
many  intelligent  and  earnest  experimenters,  it  has  been  necessary  to 
omit  much  material  that  would  have  been  of  interest  had  we  space  for 
its  description,  and  to  condense  as  much  as  possible  the  accounts  that 
are  given.     The  arrangement  of  topics  is  in  brief  as  follow- 

1.  Explanations  of  special  experiments  upon  the  question  of  the  ni- 
trogen supply. 

2.  Explanations  of  so-called  general  experiments. 

3.  Notes  upon  individual  experiments. 

4.  General  discussion  of  experiment-. 

5.  Eesults  and  practical  applications. 

6.  Plans  for  co-operative  experiments. 

7.  The  details  of  results  in  the  form  of  tables,  &c,  in  the  appendix. 


FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS.  9 

EXPERIMENTS   UPON   NITROGEN   SUPPLIES. 

The  experiments  of  which  it  is  proposed  to  give  an  account  here  are 
so  numerous  that  detailed  descriptions  of  the  work  of  individual  ex- 
perimenters, except  in  a  few  cases,  would  be  hardly  practicable.  I  will 
therefore  attempt  to  group  them  in  three  classes,  and  describe  the  sev- 
eral classes  separately : 

1.  Special  nitrogen  experiments,  including  a  number  which  have  had 
for  their  object  the  study  of  the  feeding  capacities  of  plants,  with  espe- 
cial reference  to  the  nitrogen  supply. 

2.  General  experiments  which  were  proposed  primarily  for  testing  the 
wants  of  soils  and  crops  and  the  best  means  of  supplying  them  5  but 
which,  being  on  a  common  plan  and  large  in  number,  likewise  afford 
data  of  great  value. 

3.  Other  experiments,  on  plans  which,  though  different  from  the 
a  Dove,  are  sufficiently  similar  to  them  to  allow  of  comparison. 

These  have  been  performed  by  a  number  of  professors  in  agricultural 
colleges,  and  intelligent,  practical  farmers  in  several  States.  The 
specific  questions  upon  which  information  is  sought  in  the  experiments 
may  be  stated  thus : 

1st.  How  do  the  plants  experimented  with  get  on  with  the  "  min- 
eral" fertilizers,  such  as  are  supplied  by  superphosphates  and  potash 
salts  \ 

2d.  More  especially,  how  do  they  respond  to  nitrogen  when  added,  in 
different  forms  and  amounts,  to  the  mineral  fertilizers'? 

3d.  And,  finally,  what  inferences  may  we  draw  as  to  the  feeding  ca- 
pacities of  the  plants,  their  power  to  gather  their  food  from  soil  and 
air,  and  the  effects  of  different  materials  upon  their  growth,  especial 
reference  being  made  to  the  nitrogen  supply  ?    •  • 

For  the  systematic  study  of  these  questions  a  special  "  nitrogen  ex- 
periment*' was  devised  in  1878,  and  conducted  by  several  gentlemen. 
Similar  series  were  repeated  in  1879,  and  with  some  variations  in  1880. 
The  plan  and  purpose  of  the  experiments  are  set  forth  in  the  following 
statements  from  a  four-page  circular,  which  was  sent  to  the  experi- 
menters of  1881,  similar  ones  having  been  prepared  for  those  of  previous 
years.* 

*  In  the  tabular  statements  of  results  of  the  experiments  (Appendix,  Tables  I,  II, 
and  III),  some  differences  will  be  noticed  between  the  schedules  of  1881  and  those  of 
the  previous  seasons. 

In  the  experiments  of  1881  nitrogen  is  supplied  in  Group  IV  as  ammonia,  and  in 
Group  V  as  organic  nitrogen,  wnile  in  the  experiments  of  1878  and  1880,  as  may  be 
seen  in  Table  I,  the  nitrogen  is  supplied  iu  Group  IV  as  "nitrogen"  mixture,  and 
in  Group  V  in  other  forms.  A  further  difference  is  found  in  Group  V,  which,  in 
1878  and  1880,  supplied  the  nitrogen  as  a  two-third  ration,  but  in  1881  in  varying 
quant  it  i 

Another  year's  experience  has  suggested  some  slight  changes  in  the  quantities  of 
phosphoric  acid  and  potash,  the  former  being  somewhat  increased  and  the  latter  di- 
minished, as  will  be  seen  by  reference  to  the  schedule  of  special  nitrogen  experi- 
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SPECIAL  EXPERIMENTS   FOR   NITROGEN  TESTS.  1881 — EXPLANATIONS. 

The  object  of  this  experiment  is  to  test  the  effects  of  nitrogenous 
fertilizers  in  different  amounts  and  combinations  upon  the  growth  of 
the  plant,  and  inferentially  its  capacity  to  gather  its  nitrogen  from  nat- 
ural sources. 

The  fertilizer*. — The  ingredients  and  amounts  are  such  as  are  use 
in  ordinary  practice,  phosphoric  acid  and  potash  being  supplied  in 
about  the  proportions   that  occur  in  a  corn  crop  of   fifty  or   sixty 
bushels,  and  nitrogen  in  one-third,  two-thirds,  and  full  amount  in  same 
crop. 

Form*  of  nitrogen. — The  nitrogen  is  supplied  as  nitric  acid  in  nitrate 
of  soda:  as  ammonia  in  sulphate  of  ammonia,  and  as  organic  nitrogen 
in  dried  blood. 

Quantities  of  nitrogen. — The  nitrogen  is  applied  at  the  rate  of  2L 
pounds  per  acre  in  " one-third  ration*":  48  pounds  per  acre  in  ••  two- 
thirds  ration";  and  72  pounds  per  acre  in  "full  ration." 

Arrangement  of  plots  and  fertilizers. — The  ingredients  are  supplied 
as  : 

^  Cronr  I  Nos   l--1  Each  bv  its  If   )Thus  testing  the  effects  of  in- 
Partial  fertilizers.  <  r,  "  t!  tt  \^f    i  'a  'tL    S  '  +!?''  /     gradients  separately  and 
^  Group  II.  Nos.  4-6.  Tm  o  by  t*  o.  ^     f.adty  of  soil. 

'  Group  III,  Nos.  7-9.  Nitrogen  as  nitric  ^ 

acid  in  nitrate  of  soda | 

Pnnmlfttp  fertilizers  )  Group  IV,-  Nos.  10-12.  Nitrogen  as  (Nitrogen  in  one-third, 
complete  lertinzers.  ^      amm011ia  in  sulphate  of  ammonia . .  (  two-thirds,  full  ration. 

Group  V,  Nos.  13-15.  Nitrogen  as  or-  | 
k     ganic  nitrogen  in  dried  blood J 

inents  in  the  chapter  beyond  on  proposed  plans  for  co-operative  experiments.  It 
seems  to  me  that  this  latter  schedule  and  that  of  1882,  in  the  light  of  past  ex- 
perience, is  well  adapted  to  its  purpose,  and  will  very  likely  be  continued  for  some 
time  to  come. 
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EXPERIMENTAL  FERTILIZERS — SPECIAL   NITROGEN    SET,  1881. 


iJos.  6a,  6b,  and  6c  are  simply  duplicates  of  mixed  minerals  Xo.  6. 

This  .schedule  provides  for  twenty  plots,  of  which  two  are  unnianured, 
and  eighteen  supplied  with  the  experimental  fertilizers. 

No.  0,  the  mixture  of  superphosphate  and  muriate  of  potash,  is  desig- 
nated as  ••  mixed  minerals."  This  is  duplicated  in  Nos.  6a,  6&,  and 60. 
The  same  mixture  forms  the  basis  of  Nos.  7  to  15,  inclusive,  which  con- 
sist of  -mixed  minerals,"  with  the  addition  of  nitrogen  compounds. 

The  fertilizers  were  supplied,  in  part  at  cost  and  in  part  gratuitously, 
by  the  Mapes  Formula  and  Peruvian  Guano  Company,  to  whose  interest 
and  enthusiasm  in  promoting  the  experiments  especial  thanks  are  due. 

Each  set  of  experimental  fertilizers  was  accompanied  by  directions 
for  use  (see  above)  aud  a  blank,  on  which  the  experimenters  were  re- 
quested to  record  their  observations  and  the  results  obtained. 

The  blanks  were  sheets  of  paper  12  by  19  inches  in  size,  with  spaces 
for  numerous  details  as  r<>  soil,  weather,  culture,  produce,  &c.  The 
details  provided  for  were  very  similar  to  those  set  forth  in  the  report  of 
the  experiments  by  Mr.  Atwood,  in  the  chapter  beyond,  on  the  subject 
of  general  experiments.  The  general  plans  and  directions  for  the  ex- 
periments are  the  same  as  set  forth  in  the  chapter  on  plans  tor  co-oper- 
ative experiments  beyond. 


12  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZER-. 

The  following  is  a  list  of  experimenters  and  experiments  on  the  above 
schedules  reported  to  the  writer.  Some  others,  notably  one  by  Prof.  H.  C. 
TVhite,  of  the  College  of  Agricultural  and  Mechanic  Arts,  and  the  Ag- 
ricultural Experiment  Station  at  Athens.  Ga..  were  not  reported,  having, 
as  I  understand,  been  so  injured  by  drouth  and  accidents  as  to  make 
their  publication  less  desirable  : 

A.  1878. — Prof.  J.  R.  Farrington,  Maine  Agricultural  College.  Orono.     Corn. 

B.  1878. —  W.  I.  Bartholemew,  Putnam,  Couu.     Corn. 

C.  1879.  '80,  aud  '81. — As  above.     Corn  and  potatoes,  side  by  side. 
D*.  1878. — Chester  Sage,  Middletown,  Conn.     Com. 

E.  1579. — As  above.      Corn. 

F.  1879. — Col.  J.  B.  Mead,  Randolph.  Vt.,  under  the  auspices  of  the  University  of 
"Vermont  and  State  Agricultural  College.     Corn. 

G-.  1880. — Prof.  W.  H.  Jordan,  Maine  Agricultural  College.  Orono.     Corn. 

H.  1880;— Edward  Hicks,  Old  Westbury  (L.  I.).  X.  Y.     Corn. 

I.  1880. — Charles  Fairchild,  Middletown .  Conn.     Com. 

J.  188i. — As  above.     Oats  and  potatoes,  side  by  side. 

K.  1880. — William  C.  Xewtox,  Durham.  Conn.     Com. 

L.  1881. — As  above.     Corn. 

M.  1881. — Prof.  C.  L.  Ingersoll,  Purdue  University,  La  Fay^-rre.  Ind.  Com  and 
potatoes,  side  by  side. 

N.  1881. — C.  E.  Thorxe,  Ohio  State  University,  Columbus,  Ohio.     Com. 

O.  1881.— J.  W.  Pierce.  West  Millbury,  Mass.     Com. 

P.  1831.— Edward  Hicks,  Old  Westbury.  N.  Y.     Corn. 

Q.  1881. — Prof.  Samuel  Johnson,  Michigan  Agricultural  College,  Lansing,  Mich. 
Com. 

R.  1881. — Prof.  W.  C.  Stubbs,  Alabama  Agricultural  and  Mechanical  College.  Au- 
burn, Ala.     Cotton. 

S.  1881. — J.  M.  Manning,  Taunton,  Mass.     Clover. 

The  main  results  of  the  special  nitrogen  experiments  are  stated  in  the 
appendix  tables  I,  II,  and  III.  Details  of  the  reports  are  also  given  in 
the  appendix. 

The  following  account  of  Mr.  Fairchild's  experiments  in  1881  with  oats 
and  potatoes  will  serve  to  illustrate  the  plan  and  results. 

It  will  be  noticed  that  the  arrangement  of  the  groups  with  the  nitro- 
genous fertilizers  is  slightly  different;  from  that  mentioned  above.  The 
experiments  were  commenced  in  1879,  and  on  a  schedule  which  has  been 
slightly  altered  for  the  experiments  of  succeeding  years,  as  already  ex- 
plained.  , 


FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 


13 


o 

OC 
00 


►H        ,2 


u 
V. 

a 
u 

o 
© 

e 
es 


a    tx 

O         00 
,J         00 


.9 

<B 

fc»5 
(H 


25 

-43 

o 

GO 

rmml 

ca 

o 

.fl 

H 

<J 

-*= 

c- 

o; 

O 

c 

Ph 

s 

Q 
25 

o 

«! 

at 

W) 

P 

H 

ai 

< 

a 

O 

ea 

O 

a 

i-H 

l-l 

a 

£ 

es 
O 

»— * 

fc 

ea 

H 

'P 

S 

J 

M 

o 

CO 

93     DC 

-»3  c 

OC  X  CO      ©  CO      i~ 

i "   LC   IC 

jv; 

i      .    m  m  m    cc 

©  LO 

c; 

eo 

X  X 

©  •*■  c-    m  t-    t- 

CM  C~  SO      C\ 

1          •      t^  CM  CM      CM      CM  t^  t-- 

c^ 

©  1*< 

o  c 

co  ■>*•  ~     t-  cr.     -^ 

-r  o  o    o 

•    Tj>  m  ©    i-i    xi^e 

© 

m  x 

s 

a 

- 

Ph*3 

■&-. COrH     ~ 

in  o  ij-    c 

1       •    m  0  in 

ir: 

m  mic 

IT 

i-H  CM 

. 

uO  0-3  lO      lO  iO     O 

CM  CO  t-     c 

•     00  ©  U0 

t- 

-^-  m  © 

X 

CO  f-  X 

OD 

-*3 

c;  •^  t—    to  o    lo 

CM  »-i  t>      i- 

•    so  1-  s: 

m 

LO  CO  — 

X 

co  m  cm 

(D 

03 

CO  —  -^      Cif 

CO  CM  00      i- 

•    ©  t>  if: 

CN 

C^5  •*  -^ 

i-H 

CM  •*  iT 

o 

■ee- 

*"~ 

-H   i— 1 

-H 

© 

XXX     ox     o 

o  ©  o    oc 

>         ■      ©  ©  CO 

X 

m  ©  lo. 

X 

X  00 

g 

OS 

es 

es  -*j-  ■*    o  rj<    m 

©  m  -^    o 

■    m  ©  © 

© 

cs  in  -*t 

-V 

©  © 

© 

Ci  ©  CO     CS  C5      so 

CM  CM  X      OC 

•      ©  C~  f- 

© 

©  ©  X 

© 

X  CO 

fc 

a 

€&<m  ssj    t*  rg    tt 

t>  X  SO     -51 

■     t>  X  X 

so 

t>  t^  i> 

10 

i-H  CO 

o 

H 
Hi 

a 

v 

^ 

■or.—     lO  O     O 

t^  CO  CM     <£ 

•     CO  CO  c 

« 

©  ©  10 

t- 

CO  t-  CO 

© 

CO 
■43 

t~  "i^*  lo    *.o  -*r    co 

©  x  m    it 

•    ■>*>  ©  T* 

I— 

CM  rH  X 

X 

CO  ©  © 

I-H 

03 

cs  t>  m    ntc    o 

X  CO  SO      OC 

)      •    in  x  co    t~    tcsoic 

t-- 

m  ©  in 

ca 

o 

■=£- 

CM  i-l      i-H 

C)  CO  CO 

•      CO  CO  CO 

CO  CM  <Cv 

I— 1 

t> 

•o^p  : 

•  —  c;  lo    on    m 

in  in  in    ir 

>      •    in  in  in    ir 

0  m  if 

m 

©  ©  in 

'  o  ©  t- 

-      O  t^      t^ 

t~  t~  t>    t- 

•    r~  t-  t-    t- 

t~  t>  t> 

t~ 

emt- 

•4qS 

I9-1J' 

SJ8ZI 

©  ©  CO     C^l  cs     © 

in  rH  t-    c 

>      •    in  1-1 1-    © 

i-H  —>  r- 

© 

co  m  0 

-IU.i 

<>J    J 

o  ^scig 

«9- 

— 

^H  CM  CM 

■     HMN 

co  cocc 

i-H 

. 

CO  CO  CO      O  CO      o 

O  ©  CO     cc 

)         •     ©  ©  O     CO 

so  ©  sc 

CO 

CO  CO 

S 

•can 

?^oa; 

* 

CO  t-^  —5     0B  OS     OJ 

CO  ©  i-i      If 

•      -<J"  SO  SO      tA      SO  CO*  Tt 

t^ 

in  m" 

2i 

D^U 

•^  CM  C 

!      SO  CO      SO 

©  —  CS      S£ 

•       ©  i-H  i-l       X 

-  -  - 

SO 

CO  i# 

-1 

S 

'                     T-l    1-1 

"H 

,  , 

> 

t- 1-  l» 

■    t~  t^    c- 

t^  t~  t~-    t~ 

•    t-c~t^    t~    c^t~t^    c- 

t-f-  t~ 

Ncn    oo 

OOO     sc 

1          •      ■*  X  X      (O      ©  »  X 

SO 

X  SO  X 

— 

cS 

.O 

co  ec  if 

,      ilC!      O 

CO  O  i-i      IT 

•    CHin    ir, 

m  x  t~ 

in 

•>*  t-  r- 

^ 

" 

ii 

43 

^~ 

r-« 

CM  CO  CO 

•      1-1  CO  CO 

CM  — 1  r- 

do 

CO 

X 

< 

O 

Ttl  i-H  X 

a 

rfj 

CO  CS  Tf     o  so     cs 

in  m  m    t* 

•    ©  x  in    cs    ©©10    ^ 

3 

"3 

u 

O 

* 

•-5  so  -#    in  in    so 

t^  co  cm    a 

•    iriodco    so    irfsst>    00 

•*i»'o6 

S3 

s 

iH 

CM  i-i 

CO  CO  CO 

•      CO  CO  CO 

CO  CO  CM 

i-H 

— 

Pq 

_;©©©©      l-  ©      l> 

t~  C~  ©     c 

t~     t>  t>  C-     ©     CO  t>  cc 

©  cc 

©  © 

■can 

JBqOJ 

oo  X  CM  SO  ©      -**•  X      o 

-*   X   ©       Tj 

0    co  •<*• -^i    ©    in  ■*  cc 

SO  © 

Tfl-^l        • 

CPU 

S  cm  ■*  m  so    ©  o    © 

CM  CO  CM      O 

>    tp    co-**<-<t    i-i    cococ: 

©  co    m  t>    • 

CSi 

i-l   r-   1-1 

I—  1— 1  1-1       I-l      MHl- 

■ 

£ 

o  o  o  ©    o  s    o 

©  ©  ©    c 

©      ©  ©  ©      C 

O  ©  © 

©  © 

©   ©   © 

.- 

.;  »  N  O  N      ©SO      00 
_^  rH  00  00  t-      O  r-i      CM 

©  SO  X      Si 

00    ij-  x  x    s; 

©  X  X      (Of 

X  O  X 

a 

e3 

+3 

in  x  co    c- 

■     CM     i-H  CO  t~     t- 

t-  ©  © 

t>  1- 

©  ©  © 

— i 

>-^  »-i  -h  t-Tt-h    esf  cnT  co 

CO  CO  Tji      i— 

1      rH      CO  CO  CO     1- 

CO  CO  CN 

rtri      1— 1  1-1  i-H 

to 

02 

2 

43 

05 

fc. 

o 

p 

^  ©  i-i  oc  co    ©in    oo 

T^    -^1   1^1         C" 

m    ©so-*    x    ©X-*    ©co    co©so 

£ 

•  I-H 

2  so  x  co'  ■-!    i-3  co    co 

"^*  ©  ©     sc 

f-^      rilOO)      CC 

HM-^ 

in  sc: 

i-h  >o  in 

S  N  M  W  ."O     m  -*     CO 

in  in  m    c- 

j    co    m  m  m    co    so  m  m    co  c 

CO  CO  ■* 

o 

* 

"oc 

1 

i 

"3 

© 

oc 

a 

iw 

p 

£2 

a 

^3 

o 

CO 

Bl 

© 

•-H 

3 

<z 

T=    P 

X 

© 

•      as  oo  « 

a 

>c 

c  = 

"3 

m    ■ 

a  a  p 

0 

p 

p 

~_£  ^ 

a 

C   P 

•    a  a  = 

c 

© 
u 

O 

ea 

© 
ft 

00 

u 

•© 
N 

•I-H 
■g 

.5 

C6* 

■§|1 

:    0  0  c 
.    p-p-p 

4 

in     ,  r 

N    BC 

•4 

o  _ 
o 

CO    _ 

c  c 

£■  - 

| 

O 

l,  in 

c 
— ' 
o 

1  s  i 

°§c 

C5    ©   <£ 

in  5s  ss 

or 

:  0©  = 

•  HM^ 

•  ©'  ©*  ? 

■     f-i  u  £ 

a  a  >- 

:  fi-Bl 

;  a  a  = 

:    0  a  g 

©  ©  J 

:    ctic  = 

•  P9? 

0 
a. 

cs  a- 
"S  a 

2~* 

a        a 
E  in  c 

3-*  p 

c*-l  —-."=+- 

c  5  c 

©   O   c 

|3| 

K 

1 

c 
5 

oc 

cs 

c 
p 

1— 
- 

H 

o 

-13 

C 
53 
O 

a 

OS 

p 

>d 

a 

St 

P 
C 

c 

c 
ir: 

I" 

>  C 

— 

a 

- 
-c 

oc  P 

ea  o; 
os  a 

C  P 

5  c 
-   p-  P 

o  <= 

in  is 

i —  •— 

.   PJ 

eg 

r£ 

"*     5 

o 

C  "  P 

-5  = 

©  cs  ss 
in 

Ss  = 
60S 

3!S!S 

p 
© 

;  -S'Sp 

'     T^  "3  ^ 

h    :    S  a  «= 

;      ct  c3  « 
■      oc  x'  » 

'    :    5  2  = 
•   00  = 
:  p--- 

■  ©  ©  © 

c 

e 

c 

3"  ®  0 

-  ==1 

ea  cs  K 

"So 
cc? 
P.PhP 
©o,<= 

1 

so 

-1 

-i3  ea 

2  a 

i-  0 
tg  = 

©  a 

H3    CS 

C  0 

=  0 

=  - 

a  p 

0 

«^3 

o 

0E 

•    m  m  uo 

a 

m  m  "2 

as 

ea'P 

<dmj: 

®  ? 

r  M. 

0 

;     ■*  -a*  ■>* 

cs 

TJ1  0  ^* 

03 

OS  00"  * 

z  ~  1 

©* 

"3  "3? 

©   ©   4 

£  S  p 

a. 
J. 

« 

i 

',      oc   7.   r. 

sc 

oc"  oc  C 

00 

'p'p  — 

CC 

_  c  : 

.2.i 
S  = 
Pi  p 

-*- 

oc 
C 

e  §§p 
§  lie 

15 

© 

p 

fj"3  S. 

©  ©  - 

q  a  b 

lag 

"3 

si 

2  a  0 
0  5  " 

PiP(V«" 

in  0  03 

■I1-1    - 

~  a 

bob 

C    r- 

^--  . ■   r— 

— 

ea    rr-rj;  — 

rdnd'P 

r^  ei 

c.-p  £■  = 

c  c 

s 

©   ©   £ 

© 

J 

©     ©     r- 

©  P 

©"  0^  a^ 

—  — 

p. 
v 

Q  —  — 

§ 

IE 

<-."ft 

|| 

a  a  S. 
0  0  P 
pqfqoi 

^<« 

•■£ 

**X» 

ei 

e 

0  ©--n 

0  ^*  ~ ■  ~ 

- 

^^  •-  ^« 

C  C 

•^sqo 

w 

»v 

\^»V 

e 

©  5  ©  tl 


,©;  cs  ^2 

_  -1  _ 


3 
-«       .  ■ —    00 

a©1©* 

—  ;_  *s  r; 
oo    _  oo  S 

co  ea  o  "-■ 
2-a^.i 
o  =X©  cs- 

©  a-a-w 

^-a      fe 

©  id 

>"£  pt,  - 
2  p.  a  o 

,a  ^.  t-  +3 
£  0««  © 

a.a  OsCh 

'""^  reS 
•^  ex  a  m- 

.s  a  g  «* 
.&  a  a  fe 

'p  g  a  § 

2  oo'S-3 

g  a  «a  « 

l^jrj  SH+3 

^©-^  2  o 

o  of  53  __, 

J  oc  c0 

fc    w    —    P 

•a  --<  ©  +3 

a^  P^ 

*  ^  u  - 


- 


©  ?53 

i-H     3 


oii 


O    ^    05 

-=^p^^ 

©  o  p  S 

53  _  H  ^* 
,   See  b 

t-.    ©    Jj  H3 

_,  c  © 
'p  Sir=^ 
®Ph^^ 


es^fe  * 


Prlo.a 


"P'P    ©'wf 

a.—  >,  © 

oc   c        -i-3 
2  ^  x  es 

ea  -^H  _   o 

'''£■ 

ri  _.  >-<  oc 

—  -  ec  » 

S3  a  © 
0     x  3 

X   ©    £    n 

i-i  o_a  « 

-5  52  P 

_     _      -      -  - 

o  o  — 
cs  -"a 
®«-i  P/i 

X 

-r 
c 
- 


2  es.a 


©-© 


tn  a 


.So* 


gj  a  «d  pw. 

CS53-2  «« 
a  a  x    . 

Of       mP 

x  ©  ©  a 
-a     ra-^ 

O    B    C£ 
-*■>   3 

00  S  s  - 

-  £  ©  p 

x^—  o 

Sc  ^  10  a 

-  —  ^  -^  o 

^aj-SSS 

^  a  $  2  a 

*o  *3  ea 

-*3  S|_  ^. 

-Sp^-S 

o    ..a  — 1  © 

H  c  *3  ;_  a>_ 

•c!  O  tuP 


14  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 

Before  discussing  these  special  experiments,  a  description  of  the  other 
experiments  will,  perhaps,  be  in  place. 

GENERAL  EXPERIMENTS. 
SOIL   TESTS  WITH  FERTILIZERS. 

While  director  of  the  Connecticut  Agricultural  Experiment  Station 
some  years  since  the  writer  was  in  constant  receipt  of  question*  like 
the  following,  nor  have  they  since  ceased  to  come: 

I  have  a  piece  of  old  laud  that  has  been  somewhat  worn    down  number  of 

years'  cropping.  It  is  such  and  such  a  kind  of  soil,  has  been  treated  >o  and  so,  and  I 
want  to  get  such  a  crop,  and  at  the  same  time  bring  it  into  good  condition.  My  sup- 
ply of  stable  manure  is  short.  Will  it  pay  for  me  to  try  guano,  or  superphosphate,  or 
potash  salts  ?  Will  you  be  kind  enough  to  give  me  a  proper  formula  for  a  fertilizer 
for  corn  f 

Unable,  of  course,  to  answer  the  inquiries  I  suggested  some  experi- 
ments by  farmers  for  the  purpose  of  learning  which  of  the  more  costly 
ingredients  of  fertilizers  were  demanded  by  their  soils  and  crops,  and 
how  they  could  be  most  economically  supplied. 

The  purpose  of  the  experiments  is  stated  in  the  following  extract  from 
the  report  of  that  station  for  1876 : 

One  of  the  fundamental  results  of  the  vast  amount  of  work  done  in  field  experi- 
ments with  fertilizers  is  the  clear  demonstration  that  soils  vary  greatly  in  their 
capabilities  of  supplying  food  to  crops,  that  different  ingredients  are  deficient  in  differ- 
ent soils,  and  that  the  teachings  of  any  given  experiment  are  in  the  main  applicable 
only  to  the  particular  kind  of  soil  on  which  it  is  made. 

For  farmers  who  have  not  their  own  experience,  or  that  of  others  m  like  circum- 
stances, to  guide  them,  the  most  sensible  method  for  determining  what  are  the  defi- 
ciencies of  their  soils,  and  how  they  will  be  the  most  economically  supplied  to  given 
crops,  is  to  try  experiments  on  a  small  scale  ;  to  put  the  question  to  the  soil  with  dif- 
ferent fertilizing  materials  and  obtain  its  reply  in  the  crops  produced. 

This  is  no  new  idea.  It  has  been  urged  again  and  again  by  the  leading  agricultural 
chemists  in  this  country  and  in  Europe.  Stoeckhardt,  Knop.  and. "Wolff,  in  Germany, 
Ville,  in  France,  Voelcker,  in  England,  and  Johnson,  in  this  country,  have  all  not  only 
urged  upon  farmers  the  importance  of  such  experiments,  but  given  specific  suggestions 
for  conducting  them. 

The  report  of  the  Connecticut  Board  of  Agriculture  for  1877  contains 
an  account  of  a  number  of  field  experiments  with  fertilizers  made  in 
accordance  with  this  suggestion.  At  the  request  of  the  American  Agri- 
culturist, plans  for  similar  experiments,  with  such  alterations  as  ex- 
perience had  suggested,  were  drawn  up  andjproposed  by  that  journal  to 
its  readers  in  the  spring  of  1878.  At  the  same  time  the  University  of 
Vermont  and  State  Agricultural  College  and  the  Maine  State  College 
of  Agriculture  and  Mechanic  Arts  introduced  similar  field  trials,  the 
latter  upon  its  own  farm,  the  former  through  the  agency  of  a  number 
of  leading  farmers  of  Vermont.  The  American  Agriculturist  not  only 
proposed  the  experiments  to  its  readers,  but,  with  the  hearty  co-oper- 
ation of  several  prominent  dealers  in  fertilizers,  arranged  to  provide  the 
materials  at  prices  just  covering  the  cost.     With  each  lot  of  fertilizers 
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were  sent  explanations  and  directions  for  the  experiments,  and  blanks 
on  which  such  of  the  experimenters  as  might  care  to  take  the  needed 
trouble  were  requested  to  report  the  results. 

The  experiments  have  been  made  from  Maine  to  Kansas,  and  from 
Canada  to  Florida.  The  total  number  I  have  no  definite  means  of  learn- 
ing. Between  250  to  300  reports,  however,  have  been  sent  to  me  for 
examination.  As  an  application  of  science  to  farming  by  practical  men 
who  get  their  living  by  the  labor  of  their  brains  and  hands,  and  who 
have  not  only  found  in  them  a  means  of  testing  the  needs  of  their  soils 
and  the  ways  of  supplying  them,  but  have  also,  by  working  together  on 
a  common  plan,  made  an  important  addition  to  the  sum  of  our  knowl- 
edge of  the  way  in  which  soils  furnish  plant  food,  and  plants  use  it, 
and,  what  seems  to  me  of  more  importance,  have  thus  been  able  to  make 
their  farming  more  a  labor  of  the  mind  than  the  hands.  The  work  has 
been,  I  feel,  of  the  greatest  usefulness. 

In  explaining  the  details  of  plans  and  experiments,  I  quote,  with 
some  alterations,  from  one  of  the  reports  referred  to : 

PURPOSE  AND  PL.vX  OF  THE  EXPERIMENTS. 

The  ostensible  object  of  these  experiments  was  to  work  upon  farmers7  soils.  Under- 
neath this  lay.  in  my  own  thought,  a  deeper  purpose  to  work  upon  their  owners' 
minds.     And  in  this  regard  especially,  the  outcome  has  been  most  gratifying. 

The  vast  amount  of  work  done  in  field  experiments  with  fertilizers  has  clearly 
demonstrated  the  facts  that : 

1.  Soils  vary  greatly  in  their  capabilities  of  supplying  food  to  crops.  Different 
ingredients  are  deficient  in  different  soils. 

2.  Soils  fail  to  furnish  enough  food  to  crops,  not  so  much  because  they  have  not 
abundant  stores,  as  because  the  materials  are  not  in  available  forms. 

:!.  Deficiencies  in  many  soils  are  due  more  to  their  physical  condition,,  their  texture 
and  relations  to  heat  and  moisture,  and  to  their  lack  of  absorptive  power,  the  power 
to  hold  plant  food  and  not  allow  it  to  be  leached  away  beyond  the  reach  of  the  roots 
of  the  plants,  than  to  their  lack  of  plant  food.  Such  soils  want  amendments  first 
and  fertilizers  afterwards.  Tillage  improves  the  mechanical  condition  of  the  soil, 
while  it  also  aids  in  rendering  plant  food  available. 

4.  The  chief  office  of  fertilizers  is  to  3Upply  the  plant  food  which  crops  need  ami 
soils  fail  to  furnish. 

5.  But  the  indirect  art  ion  of  fertilizers  in  improving  the  mechanical  condition 
of  the  soil,  increasing  its  absorptive  power,  and  rendering  its  stores  of  plant  food 
available,  is  often  of  much  more  consequence  than  their  direct  action  in  supply- 
ing plant  food.  Hence  cheap  materials,  like  lime  and  plaster,  are  often  more  profit- 
able than  farm  manures  or  artificial  fertilizers. 

6.  Plants  vary  greatly  with  respect  to  their  capabilities  for  gathering  their  food 
from  soil  and  air.  Hence  the  proper  fertilizer  in  a  given  case  depends  upon  the 
crop  as  well  as  upon  the  soil. 

7.  It  may  be  regarded  as  pretty  well  settled  that  the  only  ingredients  of  plant 
food  which  we  need  fco  consider  in  commercial  fertilizers  are  potash,  lime,  magnesia, 
phosphoric  arid,  sulphuric  acid,  and  nitrogen.  Of  this  list  the  magnesia  is  commonly, 
though  not  always,  supplied  in  sufficient  quantities  in  even  "  worn-out"  soils.  Some- 
times its  presence  in  fertilizers  may  be  of  considerable  importance  to  crops.  Sul- 
phuric acid  and  lime  are  more  often  deficient,  and  hence  one  reason  of  the  good 
effect  so  often  observed  from  the  application  of  lime  ami  plaster.  The  remaining 
substances,  the  phosphoric  acid,  nitrogen,  and  potash,  are  the  most  important  ingredi- 
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ents  of  our  common  commercial  fertilizers,  because  of  both  their  scarcity  in  the  soil 
and  their  high  cost.  It  is  in  supplying  these  that  guano,  phosphates,  hone  manures, 
potash  salts,  and  most  other  commercial  fertilizers  are  chiefly  useful. 

8.  It  is  not  good  economy  to  pay  high  prices  for  materials  which  our  soils  may 
themselves  furnish,  hut  it  is  good  economy  to  supply  the  lacking  ones  in  the  cheap- 
est way. 

9.  The  only  way  to  learn  what  materials  are  proper  in  a  given  case  is  by  observa- 
tion and  experiment.  The  rational  method  for  determining  what  ingredients  of  plant 
food  a  soil  fails  to  furnish  in  abundance,  and  how  these  lacking  materials  cau  be 
most  economically  supplied,  is  to  put  the  question  to  the  soil  with  different  fertiliz- 
ing materials  and  get  the  reply  in  the  crops  produced. 

10.  The  results  of  any  given  experiment  are,  in  the  main,  applicable  only  to  the 
particular  case  where  it  is  made. 

11.  A  single  season's  experimenting  does  not  tell  the  whole  story.  To  get  complete 
results  the  trials  must  be  carried  through  a  series  of  years  and  crops. 

To  test  the  needs  of  the  soils  with  respect  to  the  chief  ingredients  of  chemical  fer- 
tilizers, phosphoric  acid,  nitrogen,  and  potash  was  the  special  and  the  action  of  dif- 
ferent fertilizing  materials  the  general  object  of  these  experiments. 

THE   FERTILIZERS   USED   IN   THE   EXPERIMENTS. 

Fertilizing  materials  were  chosen  which  contain  nitrogen,  phosphoric 
acid,  and  potash,  in  forms  shown  by  general  experience  to  be  appro- 
priate and  advantageous  for  use,  to  wit: 

Nitrate  of  soda,  to  furnish  nitrogen. 

Superphosphate,  to  furnish  phosphoric  acid  (with  sulphuric  acid  and 
lime). 

Muriate  of  potash,  to  furnish  potash. 

Land  plaster,  to  furnish  sulphuric  acid  and  lime. 

The  several  materials  in  small  bags  were  put  up  in  sets.  One,  called 
u  acre  set,'7  contained  ingredients  as  below  : 

FERTILIZING  MATERIALS. 

ACRE  BET. 


O 

w 


A 
B 
C 

D 
E 
F 

G 

H 


Kind. 


Nitrate  of  soda 

Dissolved  bone  black. 
Muriate  of  potash 

<  Nitrate  of  soda 

I  Dissolved  bone  black 

<  Nitrate  of  soda 

I  Muriate  of  potash  . . . 
C  Dissolved  bone  black 
I  M  uriate  of  potash  . . . 
C  Nitrate  of  soda 

<  Dissolved  bone  black 
(  Muriate  of  potash  . . . 
Plaster  


a 
3 
o 

a 


Pounds. 
20 
30 
20 
15 
30 
15 
20 
30 
20 
15 
30 
20 
20 


Valuable  ingredients. 


Nitrogen 

Phosphoric  acid 

Potash 

Nitrogen    

Phosphoric  acid 

Nitrogen 

Potash 

Phosphoric  acid . 

Potash 

Nitrogen 

Phosphoric  acid 
Potash  


O    CO 

-1  a 


Per  cent. 
15 
15 
50 

5 
10 

C.42 
28.57 

9 
20 

3.46 

0.92 
15.38 


The  contents  of  each  bag  of  the  "acre  set"  were  intended  for  a  plot 
one-tenth  of  an  acre.  The  eight  plots  thus  fertilized,  with  two  unman- 
ured,  thus  make  one  acre.     This  u  acre  set1"  was  furnished  for  $8.30. 
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Another  "  half  acre  set"  contained  similar  materials,  but  in  half  above 
amounts,  was  also  supplied  at  a  cost  of  $5.  The  "  acre-set"  was  most 
strongly  recommended,  and  was  used  by  the  majority  of  experimenters. 
Later  experience,  however,  has  led  me  to  question  whether  for  ordinary 
farmers,  the  smaller  experiments  with  plots  of  one-twentieth  instead  of 
one-tenth  acre,  are  not  preferable.  Another  outcome  of  the  experience 
has  been  a  slight  modification  in  the  quantities  of  the  materials,  and  in 
the  increase  of  phosphoric  acid  and  decrease  of  nitrogen  and  potash,  as 
will  be  explained  later  on.  These  sets  furnished  materials  in  amounts, 
and  at  costs  per  acre,  as  below.  The  costs  are  reckoned  at  market 
prices,  with  an  addition  of  $5  per  ton  for  freight  and  handling.  Of 
course  the  prices  fluctuate  materially,  so  that  these  could  not  be  taken 
as  a  standard : 

EXPERIMENTAL  FERTILIZERS. 


ea 

o 
© 

£ 

s 


A 
B 
C 

D 

E 
F 

G 
H 


Fertilizer  used. 


Furnishins  valuable  ingredients. 


Kind. 


- 

ft 

*  £ 

11 

S 
P4 


^    . 

-  - 


ft 


O 


Nitrate  of  soda 200 

Dissolved  bone  black 300 

Muriate  of  potasn 200 

C  Nitrate  of  soda '  150 

\  Dissolved  bone  black 300 

C  Nitrate  of  soda 150 

X  Muriate  of  potash. 200 

C  Dissolved  bone  black j  300 

X  Muriate  of  potash I  200 

\  Nitrate  of  soda \  150 

<  Dissolved  bone  black *. . . .  300 

(  Muriate  of  potash |  200 

Plaster 200 


i 

1 


P75  00 
35  00 
45  00 

48  40 
58  00 
39  00 

47  32 
8  00 


$7  50 
5  25 
4  50 

10  88 

10  13 

9  75 

15  38 

80 


Kind. 


u 

ft 

a  a 


Nitrogen 

Phosphoric  acid  . . 

Potash 

(  Nitrogen 

X  Phosphoric  acid  . 

(  Nitrogen 

£  Potash 

)  Phosphoric  acid  . 

}  Potash 

i  C  Nitrogen 

<  Phosphoric  acid . 
(Potash 


< 

16.0 
16.0 
50.0 

5.3 
10.7 

6.6 
28.6 

9.6 
20.0 

3.7 

7.4 
15.4 


ft 
«  S 

o 


32.0 
48.0 

100.0 
24.0 
48.0 
24.0 
10.0 
48.0 

100.0 
24.0 
48.0 

100.0 


u 
v 

o 
O 


$7  50 
5  25 


50 
63 
25 
63 
50 
25 
50 
63 


5  25 
4  50 

80 


The  following  is  a  reprint  of  a  circular  giving  directions  for  the  ex- 
periments : 

DIRECTIONS   FOR   THE   EXPERIMENTS. 

"What  is  worth  doing-  is  worth  doing  well.'7  You  wish  to  learn  something  of  value 
for  yourself  and  do  something  that  will  he  useful  to  others  also.     To  this  end,~note : 

The  "condensed  directions." — Take  the  slip  hearing  these  in  your  pocket  when  you 
go  to  lay  out  the  experiment,  and  read  it  ou  the  ground. 

The  blank  for  report. — Look  this  over  while  the  crop  is  growing,  think  what  it  asks 
for,  make  up  your  mind  how  to  collect  the  facts  (it  will  be  well  to  get  a  little  five- 
cent  blank-book  for  notes  to  be  made  during  the  summer) :  if  you  can  improve  the 
plan  do  so,  and  accept  thanks. 

Don't  say  this  is  too  much  or  too  hard  for  you  to  do.  The  season  is  before  you. 
Yon  cannot  use  the  time  and  mental  effort,  and  really  not  a  great  deal  of  either  is  re- 
quired, to  better  purpose. 

EVERYTHING  IX  ORDER    BEFORE   STARTING. 


1.  Have  your  plans  complete  and  clearly  in  mind,  and  everything  ready  before  you 
start.     Proper  plans  at  the  outset:  uniform  soil  for  all  the  experiments,  and  poor  or 
7709 2 
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"worn-out"  soils  for  the  soil  tests;  plots  of  proper  size,  shape,  and  accurately  laid 
ont;  right  application  of  the  fertilizers;  good  seed:  careful  measurement  of  crops  ; 
full  notes  of  details;  and  careful  observation  of  the  effects  of  the  fertilizers  on  suc- 
ceeding crops,  are  essential  to  the  best  results. 

SELECT    UNIFORM    SOIL. 

2.  Select  soil  as  nearly  uniform  in  quality  as  possible.  There  will  be  more  or  less 
variation  in  different  parts  of  the  same  field  at  best.  The  less  there  is  of  this  the 
more  reliable  will  be  the  experiments.  Level  land  should  be  chosen  if  practicable, 
but  if  it  be  sloping,  let  the  plots  run  up  and  down  the  ascent  so  that  any  wash  by 
rains  will  not  transfer  the  materials  from  one  plot  to  another.  Of  course  the  portion 
chosen  for  experiment  should  be  a  fair  sample  of  the  whole  field. 

'•worn-out"  soils  for  soil  tests. 

3.  For  soil  tests  select  poor  or  "  worn-out''  soiis.  You  want  to  learn  what  the  soil 
itself  can  do  by  its  own  natural  strength,  not  what  it  will  do  with  the  aid  of  a  store 
of  plant  food,  which  has  been  either  accumulated  by  natural  processes  or  ieft  over 
from  previous  manuring,  and  will  obscure  the  action  of  the  fertilizers. 

LAY   OUT  PLOTS   ACCURATELY. 

4.  Lay  out  the  whole  experimental  area  and  the  individual  plots  as  accurately  as 
you  can.  Measure  with  chain  or  tape,  if  you  have  it,  otherwise  with  pole  marked  in 
feet  and  inches.  Drive  good,  strong  stakes  firmly  into  the  ground  at  the  boundaries 
so  that  you  may  be  able  to  tell  in  this  and  coming  seasons  where  the  divisions  are. 
Don't  let  the  stakes  get  knocked  over  or  plowed  up. 

LONG    NARROW    PLOTS. 

5.  Make  the  plots  as  long  as  practicable,  so  as  to  compensate  as  far  as  possible  for 
the  unevenness  of  the  soil.  To  this  end  let  the  whole  area  be  as  long  and  uarrow  as 
convenient,  and  the  plots  run  lengthwise  through  it.  If  the  seed  is  to  be  planted  in 
rows  the  length  can  be  adapted  to  the  distance  of  the  rows  apart.  If  this  space  is  less 
than  two  and  one-half  feet  an  unmanured  row  had  better  be  left  between  each  two 
strips.  In  general,  an  unmanured  strip  at  least  two  or  three  feet  wide  should  be  left 
between  each  two  plots,  so  as  to  prevent  the  crop  of  one  from  being  affected  by  the 
manure  of  another.  * 

If  the  soil  is  even,  small,  short  plots  will  do.  But  generally  it  will  not  be  even* 
and  long  strips  are  therefore  safer.  A  good  plan  is  to  have  the  whole  area  six  times 
as  long  as  it  is  wide.  For  an  area  of  one  acre,  32  by  5  rods  (=  160  rods)  will  make  the 
length  just  about  six  times  the  width.  The  ten  plots  of  one-tenth  acre  would  thus 
be  each  32  rods  by  £  rod.  See  "  condensed  directions"  for  figures  for  calculating  di- 
mensions of  plots. 

FERTILIZERS   WELL   DIFFUSED   THROUGH    SOIL. 

6.  The  fertilizers  may  be  applied  broadcast,  or  if  more  convenient,  they  may  be  put 
in  the  hill  or  drill,  provided  then  are  we^  diffused  through  the  soil.  To  accomplish  this, 
they  had  better  be  diluted  with  several  times  their  bulk  of  earth  before  using.  The 
important  points  are,  that  they  be  : 

1st.  Applied  evenly  over  the  plots  where  they  l«-l<>n.ur  and  not  allowed  to  get  out- 
side. 

'With  corn,  cither  leave  one  unmanured  row  between  each  two  plots  or  cultivate 
between  the  rows  deep  enough  to  cut  tin-  roots  and  prevent  them  from  feeding  on 
their  neighbors'  fertilizers.  This  " intercultural  tillage"  will  do  no  harm  and  ma\ 
be  a  decided  bem  i  t. 
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2d.  Well  distributed  through  the  soil. 

Experiments  with  concentrated  fertilizers  are  often  spoiled,  just  as  crops  are  in- 
jured or  lost  through  wrong  application.  Fanners  ait1  apt  to  think  the  manure  mast 
be  put  close  to  the  seed  or  the  plant  will  nor  get  tin-  benefit  of  it.  This  is  wrong. 
It  is  not  the  just  germinated  plantlet  that  needs  the  manure,  but  the  plant,  from 
fehe  time  it  is  well  started  until  its  growth  is  done.  We  want,  not  only  to  give 
the  crop  a  good  start.  but  to  help  it  out  on  the  home  stretch  a^  well.  The  roots 
and  their  branching  rootlets  run  out  in  all  directions  in  search  of  food,  and  the  fer- 
tilizers ought  to  be  where  as  many  of  the  rootlets  as  possible  ran  get  at  them.  If  we 
distribute  the  fertilizer-  as  well  as  we  ran,  the  water  in  the  soil,  aided  by  the  chemi- 
cal and  physical  forces  that  nature  keeps  in  operation,  will  do  the  rest.  In  illustra- 
tion of  this,  remember  how  well  barn-manure  acts  when  applied  as  a  top-dressing 
long  before  the  seed  is  put  in. 

But  if  we  conceutrate  the  fertilizers  in  one  place,  fewer  roots  will  get  them,  and 
these  may  be  injured  by  coming  in  contact  with  them  or  with  their  concentrated  so- 
lutions in  the  soil.  The  roots  will  lind  their  way  to  the  manure  and  develop  more 
where  it  lies,  it  is  true:  still  we  should  not  oblige  them  to  huddle  together  in  one 
place,  but  should  rather  encourage  them  to  spread  around,  where,  with  the  increased 
capacity  the  fertilizer  gives  them,  they  can  get  the  more  from  the  soil.  Roots  join 
with  other  natural  agents  in  rendering  inert  stores  of  plant  food  available. 

Above  all.  do  not  let  the  fertilizers  come  too  close  to  the  seed.  A  coarse,  dilute  ma- 
terial like  yard  manure  may  do  the  plants  no  harm,  but  such  concentrated  fertilizers 
as  potash  salts,,  dried  blood,  or  high  grade  superphosphates  may  kill  them. 

Since,  in  these  experiments,  it  is  particularly  important  that  the  effect  of  each  fer- 
tilizer be  fairly  tested,  it  would  be  well  to  mix  them  with  three  or  four  times  their  hulk  of 
airflow  earth  before  applying.  If  the  latter  is  rich  in  vegetable  mold,  so  much  the  bet- 
ter. Moist  sawdust  may  be  used  in  place  of  the  earth,  if  more  convenient.  Do  this 
by  all  means  if  applied  in  the  hill  or  drill.  It  will  be  well  to  even  off  the  ground  by 
a  shallow  plowing,  spread  the  fertilizers  evenly  over  the  plots,  and  then  work  them  in 
with  a  good,  deep-running  harrow,  or  turn  theni under  by  very  shallow  plowing.  When 
the  plots  are  accurately  staked  out  and  the  fertilizers  carefully  applied  and  worked 
in,  the  plow  or  harrow  may  be  run  across  the  plots  without  fear  of  transporting  the 
fertilizers  from  one  to  another.     Apply  as  long  as  possible  before  planting. 

UNMATURED   PLOTS  FOR   COMPARISON. 

7.  It  is  of  the  greatest  importance  that  several  unmanured  plots  be  left  for  com- 
parison. For  eight  manured  plots,  two  unmanured  will  suffice  ;  but  where  there  are 
more  than  that,  three,  one  at  each  side  and  the  one  in  the  middle,  or,  if  the  number 
is  large,  one  in  the  middle  and  one  half-way  between  this  and  each  side  would  be 
advisable.  You  will  have  very  little  idea  how  uneven  an  apparently  uniform  soil 
may  be  until  you  make  the  trial. 

OTHER   FERTILIZERS   TO   BE   TRIED. 

8.  It  will  be  well  to  try  other  materials  along  with  the  experimental,  &c.  Gu- 
ano, fish,  ashes,  farm-manures,  and  especially  lime  are  to  be  recommended. 
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ARRANGEMENT    OF    PLOTS. 


9.  Arrangements  like  the  folio  wiug  will  lje  well 


Regular  set. 

Regular  set  and  est     - 

Plot  Xo. 

Bag  No. 

Fertilizers. 

Plot  Xo. 

Bag  Xo. 

Fertilizers. 

0. 

No  manure. 

0. 

No  manure. 

A. 

A. 

Xitrogen. 

A. 

A. 

Nitrogen. 

B. 

B. 

Phosphoric  acid. 

B. 

B. 

Phosphoric  acid. 

C. 

C. 

Potash. 

C. 

C. 

Potash. 

D. 

D. 

Xitrogen     and    phosphoric 

D. 

D. 

Xitrogen  and  phosphoric 

acid. 

E. 

E. 

Xitrogen  and  potash. 

"E. 

E. 

Xitiosen  and  potash. 

00. 

Xo  manure. 

F. 

F. 

Phosphoric  acid,  and  potash. 

E. 

F. 

Phosphoric  acid  and  potash. 

G. 

G. 

Xitrogen^   phosphoric  acid, 
and  potash. 

G. 

G. 

Xitrogen.     phosphoric   acid, 
and  potash. 

H. 

H. 

Plaster. 

H. 

H. 

Plaster. 

00. 

00 

Xn  manure. 

K. 

Wor  d  ashes. 

L. 

Lime,  freshly slaked,  60-75  lbs 

on  J3  acre'. 

M. 

Farm  manure. 

000. 

Xo  manure. 

SEE   THAT  ALL,  IS   DONE   RIGHTLY. 

10.  Attend  to  the  work  Yourself.  Don't  trust  it  to  the  hired  man  unless  you  are 
sure  he  "will  do  it  better  than  you  can. 

MAKE    ACCURATE    OBSERVATIONS. 

11.  Watch  the  experiments  closely.  Note  your  observations.  Make  them  both  as 
accurate  and  complete  as  you  can.  Put  down  your  notes  when  you  make  your  obser- 
vations.    Do  not  trust  them  to  future  recollection. 


REPORTS. 

12.  Make  your  reports  as  full  and  accurate  as  possible.  Keep  one  copy  for  your  owu 
future  use,  and  send  the  other  in  so  that  your  results  maybe  compared  and  published 
with  others  in  good  season.  The  benefit  will  not  be  yours  alone,  but  you  will  share 
with  others  the  good  that  will  come  from  the  combined  work  of  all. 

THIS   PROGRAMME   IS  NOT   AS   DIFFICULT    AS   IT   SEEMS. 

This  may  seem  a  pretty  heavy  programme  for  ordiuary  farmers.  If  you  cannot  fol- 
low the  directions  fully,  come  as  near  to  them  as  you  can.  Of  course  the  cireum- 
stances  in  which  you  work  will  require  changes  which  your  owu  good  judgment  will 
re  gulate. 

A  briefer  set  of  directions  was  also  supplied,  as  follows: 

CONDENSED   DIRECTIONS. 

1st.  Have  your  plans  all  made  and  everything  ready  before  you  start.  Remember 
that  poor  soil  for  the  soil  tests,  uniform  soil  for  all,  plots  long  and  narrow  and  accu- 
rately measured  and  staked  out,  and  right  application  of  the  fertilizers  are  essential 
to  the  best  success.  Don't  forget  the  tape  or  pole  for  measuring,  the  stakes,  and  the 
earth  for  diluting  the  fertilizers  if  they  are  to  be  put  in  the  hill  or  drill. 

2d.  Note  on  the  back  of  this  the  dimensions  you  have  determined  upon  for  the 
whole  field  and  for  each  plot. 

3d.  Select  a  fair  average  portion  of  the  field  to  be  tested,  lay  it  out  as  accurately 
.as  you  can,  and  put  strong  stakes  firmly  into  the  ground  at  the  boundary  - 
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4th.  Designate  each  plot  by  a  number.  A,  B,  C,  &c,  corresponding  to  the  number 
of  the  fertilizer.  Put  a  stake  opposite  each  and  tie  a  label  to  it  with  the  number  of 
the  plot  and  kind  of  fertilizer.     The  tags  on  the  bags  will  serve  for  labels. 

5th.  Distribute  each  fertilizer  evenly  over  its  plot,  and  do  not  let  it  get  outside. 
Lay  your  plans  for  doiug  this  in  advance,  otherwise  you  may  find  the  fertilizer  al^ 
nsed  up  before  you  get  to  the  end.  or  have  some  left  over.  Remember  what  was  said 
about  mixing  well  with  the  soil,  especially  when  put  in  the  hill.  If  yon  do  not  you 
may  kill  some  of  the  seed  and  injure  the  growth  of  the  rest. 

6th.  Be  as  systematic  and  accurate  as  you  can,  not  only  in  starting  the  experi- 
ments, but  in  carrying  them  out.  and  noting  the  results. 

A  Jong,  narrow,  experimental  area,  divided  lengthwise  in  narrow  strips.  A  good  rule  is  to 
have  tlte  whole  aria  six  times  as  long  as  it  is  wide,  or  as  near  this  as praeticable. 

ONE-TENTH    ACKE   PLOTS — LENGTH   AND   WIDTH. 

To  calculate  size  of  plot  of  one-tenth  acre  (for  "acre  set")  find  in  the  left-hand 
column  "  width  "  the  figure  for  the  width  you  have  decided  upon,  the  opposite  figure 
in  the  right-hand  column  will  represent  the  length  ;  or,  given  the  length  in  the  right- 
hand  column,  the  opposite  figure  in  the  left-hand  column  will  be  the  width.  For 
one-twentieth  acre  plots  ("  half-acre  set")  take  of  course  half  the  length  for  same 
width,  or  vice  versa. 


Width. 


Length. 


Hods.  Feet  =  Fools.  Feet. 

One-third 792=     48 

Two-fifths 660  =     40 

One-half '     528=     32 

Three-fifths 440=     26        11 


Feet. 


Feet  =  Fods.  Feet. 


6  . 
6*. 
7.. 

74- 

8.. 

8*. 

9". 

9*. 
10T. 
10J. 
11.. 


726  = 
G70  = 
623  = 
581  = 
545  = 
513  = 
484  = 
459  = 
436  = 
415  = 
396  = 


44 
40 
37 
35 
33 
31 
29 
27 
26 
25 
24 


10 

12 

3 

1 

5 

13 

7 
9 


Width. 


Bods. 

Two-thirds 

Three-fourths  .. 

Four-fifths 

One.. 


Feet. 


Length. 


Feet  =  Fods.  Feet. 
396  =     24 
352  =21  5£ 

330  =     20 
264  =     16 

Feet  =  Fods.  Feet, 


11* !  379  =  23 

12" I  363=  22 

12J i  349=  21 

13" :  335=  20 

13* I  323=  19 

14" :  311=  18 

14*.   300=  18 

15 290=  17 

15A 281=  17 

16? |  272=  16 

16* 264=  16 


2 

5 

9 

14 

a 

10 

8 


For  an  area  of  one  acre,  160  square  rods;  5  by  32  rods  will  be  good  dimensions. 
This  will  make  ten  plots  32  by  |  rods=16  square  rods. 


Note  here : 

Length  of  the  whole  area  (and  of  each  plot). 

Width  of  the  whole  area 

Width  of  each  plot 


Feet  =  Rods.  Feet. 


THE  REPORTS  AND  THEIR  VALUE. 


For  reports  of  the  results  of  experiments  blanks  were  sent  to  the  ex- 
perimenters, which  they  were  requested,  if  so  inclined,  to  fill  out  and 
return.  The  blanks  were  sheets  of  paper  about  12  by  19  inches,  with 
space  for  noting  on  one  side  description  of  soil,  subsoil,  &c. ;  previous 
treatment,  manuring,  and  yield;  weather  during  experiment;  fertil- 
izers, and  how  applied;  method  of  sowing,  planting,  tillage,  &e.j  and 
other  details  and  remarks.     The  other  side  was  devoted  to  details  of 
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size  of  plots,  dates  of  planting  and  harvesting,  amounts,  quality,  and 
value  of  produce  in  grain,  roots,  tubers,  stalks,  &c,  by  pounds  and 
bushels  ;  calculated  profit  or  loss,  &c. 

It  has  been  a  matter  of  surprise  and  gratification  to  me.  not  ouly 
that  so  many  of  the  experimenters  should  have  made,  reports,  but  that 
the  reports  should  have  been  made  so  well.  Some  of  those  received 
are  brief,  most  are  well  filled,  and  many  entirely  so,  while  several  have, 
additional  interesting  and  suggestive  statements  coveriug  a  number  of 
pages,  for  which  there  was  not  room  on  the  blanks. 

I  have  attempted  herewith  to  reproduce,  as  faithfully  as  the  printer's 
conditions  will  allow,  one  of  these  reports — that  of  an  experiment  with 
corn,  by  Mr.  W.  C.  Atwood,  of  Watertown,  Conn.  Mr.  At  wood's  esti- 
mates of  values  of  produce  are  much  larger  than  would  be  proper 
in  many  places,  but  are  doubtless  quite  correct  for  his  season  and 
region. 

WHAT    THE   REPORTS   SAY — FAILURES    AND    SUCCESSES. 

Many  of  the  reports  have  no  decided  story  to  tell,  and  some  none  at 
all,  except  failure  everywhere.  Some  were  on  land  so  rich  that  the  ac- 
tion of  the  fertilizers  was  obscured  by  the  stores  of  plant  food  in  the 
soil :  others  ou  soil  seemingly  in  such  physical  condition  that  no  arti- 
ficial supply  of  plant  food  could  make  it  fertile.  The  many  vicissitudes 
to  which  farming  is  subject  affected  the  growth  in  these,  as  in  general 
cultivation.  Grows,  cows,  cut- worms,  grubs,  and  potato  beetles  worked 
the  injury  and  ruin  of  many:  frosts,  heat,  and  drought  that  of  many 
more.  Oftentimes  the  failure  seemed  to  be  due  to  the  improper  con- 
duct of  the  experiment.  The  fertilizers  were  often  applied  so  close  to 
the  seed  as  to  injure  or  destroy  the  crop  ;  but  the  most  serious  difficulty 
of  all,  I  think,  has  been  found  in  the  unevenness  of  the  soil.  Fields 
that  seemed  to  be  uniform,  proved  ver3r  variable.  The  plots  on 
one  side  were  sometimes  drier  than  on  the  other ;  or  one  plot  was  on 
old  sod  ground  and  another  had  been  lately  cultivated,  and  showed  the 
effects  of  previous  manuring ;  while  some  were  irregular  for  reasons 
upon  which  neither  the  experimenters  nor  the  reports  throw  any  light. 
Some  of  the  trials  were  made  in  ways  which,  though  meeting  the  au- 
thor's wishes  and  eminently  useful  for  their  purpose,  do  not  admit  of 
tabulation.  Some  are  defective  in  such  ways  as  to  impair  or  destroy 
their  value. 

The  fact  is,  that  these  experiments  are  subject  to  all  the  natural  vicissi- 
tudes of  ordinary  farming,  and  a  good  many  others  besides,  that  come 
from  lack  of  care,  experience,  or  understanding  how  to  make  them,  or 
of  patience  in  their  execution. 

But  on  the  whole  I  may  say  that  the  general  character  of  the  work, 
as  evidenced  by  the  report,  has  seemed  to  me  to  indicate  a  surprising 
and  most  gratifying  amount  of  intelligence,  thoughtful ness,  and  scien- 
tific spirit.     Indeed,  there  is  here  a  most  forcible  illustration  of  the 
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or  cold,  wet  or  dry,  during  each 
-Cold  and  tvei,  land  could  not  he  pit 
1st  to  loth  cold  and  unite  wet  :  rest 
-Hood  growing  weather,  favorable  ft 
■First  Week  hot  and  dry'.  Second  coc 
-Excellent  weather  for  developmen 
■  whole  what  was  the  character  o 


'anted  in  drills  40  inches  apart  ami  I 

fertilizer  along  the  drills  so  as  to  c 

d  injury  to  the  seed.     By  passing  or 

iked  in  carefully  so  as  not  to  obscure 

returns  from  some.  I  made  the  dri 


'applying  some 

nth  the  soil  as 

enly  scattered, 

Expecting 

rtiliters  well. 


II 


M 


'>out  May  1,  plowed  the  acre  about  4W0  lcee/lS  later 
again  6  incites  deep,  leaving  sorrel  teac],  flay  then 
ing  with  light  brush  drag  and  laid 
id  one  for  intruders  of  various  sorts, 
t  and  labels  attached.     Cultivated  a) 


ce  {one  for  tlie 
hoe.     Stakes 


jlanted  late  owing  to  frost,  which  fo\owe^ 

estimating  the  dry  weight  of  fodder 
•antage  to  partially  and  wholly  unv 
to  offset  the  better  quality  of  grain  i 
•d  vantage. 

tad  no  expectation  of  a  crop  on  sucl 
u red  plots. 

ting  a  dressing  of  40  cords  of  stable 
(ding  once,  the  whole  costing  about 


..  thus  giving 
values  I  con- 
thern  another 


e  or  two  more 

ng  three  times 
nure  has  since 


as  follows  :  First  year,  410  bushels  c^ed  at$l  144 


With  otln 


ice  and 
Le  com- 
bing, a 
re. 

Tables 

details 

[incipal 


TS. 

euiarks 

1  cases 

it  from 
nts  per 
iral  re- 

,ry  con- 
ed corn 
iinds  of 
ured,  2 
iclined 
inkage 
r  to  an 
uce  are 
uuina- 
larger 
xnmds 
f  good 
the  ad- 
ore me 
many 
curate 
Several 
iinents 
lue  al- 
le  ma- 
re vent 
.    An- 
cation 

of  ex- 
be  our 
seems 


Ki,„i,.i  ,. MvOanada  corn. 

Sept.  lew,. 


Sot  of  fertilizers 


)Si?t"  or  "Half-acre  set.' 


DETAILS    OF    EXPERIMENTS. 

Dimensions  of  each  plot :  Length,  330  ff. ;  width,  13  /(. ;  No.  of  square  rods,  16.    It'  in  rows,  distance  apart.  40  incites.     It'  in  hills,  distance  from  hill  io  bill, 


Date  of  planting:  May  tilth.    Date  of  harvesting : 


PLEASE  OBSERVE  'JHE  FOLLOWING  DIRECTIONS. 


COI/USIN  No.  J 

■si  ;i  I  ■  J (    i  j i : 1 1 ■ 

Tide  muke 

Column.-  Nob. 
exaol  amoi 

Columns  Nob. 
ffniahing  In 
4,  or  hy  mi 
very  iiaofu] 

Column  No.  It. 
have  stalks 


_Ae  Hie  l>ags 


m  inhered 


A,  it,  t\  »i  &?.,  the  p]( 


■have  the  same  numbers.    After  these  can  follow  the  other  fertilizers  used— lime, 


red  'plots  arc  ih'siyuatcd   by  ciphers,  O,  00,  OOO,  ami  the  places  for  them  precede  those   for  the 'immured  plots' 
T  — iim  ol'  pli'i*  on  Hiis  pitl"'1'  'hllerent  irom  that  in  the  field.    Please  state  order  of  plots  below.  ' 

2fl8-If  the  whole  of  the  contents  of  one  hag  "was  applied  to  each  plot,  indicate  the  fact  by  check,  in  column  3,  thus:  +:  otherwise,  slate 
mi  ni.nl  nil  each  plot. 

t     A  1-])irti"init'  men-h  out  uhle  piodinc  ;is     good,  '  that  which  is  not  merchantable  as  -poor''  unless  vou  have  some  better  way  of  distiu- 
i  '    i  liiciiii'ihlii-s      In  llmliittci  Tiise1'iill"W  vim  ro  wn  plan,  and  explain  it  below.     Give  amounts  per  plot  as  determined  by  weighing;,  in  column 

' , ,  ';,',  r      |'|  will  he  hr.M c,]',  i.if  rniirsi',  tn  both  weigh  and  measure.     With  corn,  state  whether  measured  in  the  ear  or  shelled?    It  will  be 

dSSSw  woighta  of  both  eara  anfl  shelled  corn,  and  shrinkage  in  curing. 

i  ..:i|  i„.  very  ioleicHlhig  to  loaru  the  proportion  of  stalks  or  straw  to  grain  under  the  influence  of  the  different  fertilizers.-     Be  particular  to 

,||  nurd,  if  pnirticohle,  liofoic  weighing.    Stite  condition  of  dryness,  i.  e.,  green  or  well  dried. 


pounds,  or  pounds  horn  bushels,  or  shelled  corn  from  corn  in  the  ear,  be  particular  to  make  due 
■ed  corn  in  the  ear  may  make  a  bushel  of  shelled  corn,  while,  if  the  ears  were  weighed  just  after 
lake  a  bushel.  So  two  bushels  of  good  ears  may  make  a  bushel  or  more  of  shelled  corn,  while  two 
"  a  bushel.     And  ;i  measured  hushel  of  shelled  corn  may  weigh  5U  lbs.,  or  il  may  weigh  60  lbs.     The 

,  quality,  and  value  of  the  crop.     Givo  below  your  figures    for  pounds  per  bushel,  4c,  and  other 


COLUMNS  NOB.  7,  S,  and  9.—  In  computing  bushels  in 

allowance  for  quality  of  produce.    70  lbs.  of  well-t 

husking,  it  would  take  much  more  than   70  lbs.  to  n 

bushels  ol'  "  nubbins  "  would  make  only  a  fraction  0l 

poiut  is  to  get  as  near  as  possible  to  the  true  quanlit 

explanations  of  numbers  and  methods  used  in  calcula 
Columns  Xos.  1 0  and  1 1.— Calculate  average  yield  of  unmanuied  plots  and  substract  from  that  of  each  umuauured  plot. 

Columns  Nos.  12  to  14.— Compute   if  convenient,  giving  your  figures  for  cost  of  fertilizers    and  applying,  and  valuations  of  products    In-low.     The   follow- 
ing figures  for  cost,  of  fertilizers  per  acre  will  probably  not  be  far  out  of  the  way:  A,  $8.1)0 ;   B,$5.2f>;  V,  $4.f>0;  O,  £11.02$;  E.  $10,874;  F>$9.75;  G, 

$16,123  ;  H,  $1.00.     Change  those  estimates  if  you  choose,  and  tell  why. 
Columns  10  to  14  are  not  necessary  for  this  report,  though  they  will  be  very  interesting.    Columns  I  to  9  are  most  important. 


Pounds  allowed  fopbnshelof  produce,  seemly  pounds  per  bushel  ears  of  corn  for  56  lbs.  shelled  corn.    Average  yield  of  unmauured  plots,  GO  lbs.  ears  per  plot,  or  about  8  bushels  shelled  c 


\  per  c 


I  estimate  at  75  lb*,  ears,  as  my  crop  is  about  half  cured.    I  estimate  3,000  lbs.  of  stalks  per  ton  of  dry  fodder. 


1 

■i 

il  inn  l/l  118. 

1      " 

4                                  5 

YJIiLU   l'Elt   PLOT. 

Kind, 

Amount 

per  plot. 

Give  pounda,  bushels,  or  both. 

No. 
of 
plot. 

Gi 

ain,  roots,  or  tubers.     (If  corn,  state 
whether  in  ear  or  shelled.) 

CALCULATED    VI1C1.H   Vl'Al   AC  UK. 


INCREASE   OF  VIKLD. 


PBCUNLrVKY    ttlSSULT. 


Stalks  or1  Please  compute  carefully  and  insert  without  fail 
'  <?*!,„'. '  either  pounds,  or  bushels,  or  both. 


Compute  or  not,  at  discretion. 


Grain,  roots,  or  tubers.     (If  corn,  give    Stalks  or  I  Grain,     roots,     or 
figures  for  shelled,  uot  ears.)  "  str  w.        tubers,  per  acre. 


Appearance  dur 


Appearance  and  quality  of  produ 


Stalks,  straw,!  Value     of  I  ^malf61'" 

&c,  per      |      increase,         ,,.„;l,i,t  Vn<r     Grain  or  loss 
acre,      in      per    acre,     "p^n^  per  acre' 

*'        ;  per  '  acre. 


o 

Nothing     

A 

\in;il|.  ,il ■  H.nlii 

It 

Superphosphate 

V 

Mini. 1  poUttli...  . 

U 

^  Nitroto  nf  emln 

00 

Nothing 

IS 

\  Nlt.rotu  of  bocIj 

1  Murlnt 'iiiilnh      . 

V 

*  Dlasolvuill I,l,,,l, 

1  M.ii  i 1  .-I, 

i  Nltml ml» 

*: 

Ml|i.l|.l,»,|lll,,|,. 

'  M' "I  llOUwl) 

■■ 

I'liwtoi'    

K 

■U 

i. 

...        (  -  ) 

>i 

'■ '  :' 

IV 

o 

Mam 

0011 

.VoMii'hs 

iflz/mrf ........  i..c.  ,,„„„„,.,,,  „,/,;;; 


GrOOd, 

Poor.         ( 

;„„,,. 

Poor. 

22L0"  . 

00. 0     ... 
111.5    ... 
170.0    ..- 

287.0   . 

302     '. 

070  0    , 
219.0 

81 

ao.6  . 

(I«1.  0 

■in 
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truth  thai  among  our  farmers  there  is  an  amount  of  intelligence  and 
ability  which  is  not  appreciated  either  by  themselves  or  by  the  com- 
munity at  large,  but  which  is  capable  of  making,  indeed  is  making,  a 
very  rapid  advance  in  the  intellectual  character  of  our  agriculture. 

The  main  results  of  the  general  experiments  are  set  forth  in  Tables 
IV  to  XI  of  the  appendix.  In  lack  of  place  for  giving  all  of  the  details 
of  the  reports,  an  attempt  is  made  to  tabulate  some  of  the  principal 
data  with  the  figures  for  produce. 

TABULAR   STATEMENTS    OF    RESULTS   OF    THE    EXPERIMENTS. 

Concerning  the  arrangement  of  these  tables,  the  following  remarks 
may  be  made : 

1.  The  figures  given  by  the  experimenters  are  complete  in  all  cases 
except  a  very  few,  in  which  minor  mistakes  were  apparent. 

2.  In  some  cases  the  materials  were  applied  in  areas  different  from 
those  recommended.  The  variations  thus  made  in  the  amounts  per 
acre,  though  considerable  in  some  cases,  do  not  affect  the  general  re- 
sult, when  all  are  averaged  together. 

3.  The  estimates  for  pounds  per  bushel  of  corn  and  potatoes  vary  con- 
siderably. Corn  was  generally  weighed  in  the  ear,  and  the  shelled  corn 
computed,  the  different  experimenters  allowing  from  70  to  80  pounds  of 
ears  for  one  bushel  of  shelled  corn.  Where  the  ears  were  measured,  2 
bushels  are  generally  reckoned  equal  to  1  of  shelled  corn.  I  am  inclined 
to  think  that  generally  too  little  allowance  was  made  for  the  shrinkage 
that  comes  in  curing.  It  is  evident  that  the  poorer  yields  appear  to  an 
unfair  advantage  in  this  way,  unless  the  different  qualities  of  produce  are 
sorted.  With  corn,  for  instance,  the  small  yields — those  on  the  uuina- 
nured  plots  and  with  inefficient  fertilizers — would  have  much  larger 
proportions  of  poor  corn  than  the  good  yields.  A  bushel,  or  75  pounds 
of  poor  ears,  would  give  less  shelled  corn  than  the  same  amount  of  good 
corn.  The  small  errors  thus  introduced  in  the  tables  appear  to  the  ad- 
vantage of  the  poorer  fertilizers  in  the  comparison. 

I  suppose  that  but  few  of  the  gentlemen  whose  reports  are  before  me 
are  used  to  accurate  experimenting,  and  there  are  doubtless  many 
sources  of  error  in  their  work  which  experience  in  methods  of  accurate 
research  and  more  adequate  appliances  would  have  eliminated.  Several 
in  j>articular  occur  to  me.  One,  as  above  said,  is  that  the  statements 
of  results  of  weighings  and  measurements  often  fail  to  make  due  al- 
lowance for  the  quality  of  the  crop.  Another  is  the  lack,  in  the  ma- 
jority of  the  cases,  of  unmanured  spaces  between  the  plots  to  prevent 
the  roots  of  one  from  feeding  upon  the  fertilizers  of  the  other.  An- 
other is  the  uneveuness  of  the  soil,  and  a  fourth,  improper  application 
of  the  fertilizers. 

For  that  matter,  I  can  see  many  imperfections  in  this  method  of  ex- 
perimenting. But  if  we  work  in  the  right  spirit,  experience  will  be  our 
best  teacher,  and  our  errors  our  most  effective  lessons.     Indeed  it  seems 
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to  me  that  these  trials  are  only  the  beginning  of  what  may  be  devel- 
oped into  work  of  the  greatest  value. 

GENERAL  AVERAGES   OF  EXPERIMENTS. 

The  following  tables  will  be  interesting — the  former  giving  averages 
of  results,  the  latter  giving  results  of  experiments  which  were  repeated 
from  year  to  year  : 
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XOTES  UPON  INDIVIDUAL   EXPERIMENTS. 

Having  thus  given  a  general  outline,  and  more  or  less  specific  statement 
of  the  experiments  in  general,  it  will  be  proper  now  to  speak  of  some  of 
the  details.  It  is  a  matter  of  regret  that  so  much  of  faithful,  excellent, 
and  useful  work  must  be  expressed  in  so  little  space.  Almost  every 
report  contains  material  worthy  of  especial  mention;  and  many  of  the 
experimenters  have  so  carried  out  their  trials  as  to  give  them  no  little 
scientific  value.  To  select  a  few  for  especial  discussion  seems  injustice 
to  others  likewise  worthy.  I  am  compelled  to  restrict  the  particular 
discussion  of  individual  experiments,  however,  to  a  small  number;  and 
in  so  doing,  other  things  being  equal,  I  choose  the  work  of  practical 
farmers,  rather  than  that  of  agricultural  colleges,  because  the  latter 
usually  fiud  publication  in  detail  elsewhere;  and  in  the  belief  that  one 
of  the  most  useful  features  of  these  experiments  is  the  bringing  out  of 
the  talent  of  individual  men  and  the  showing  of  what  ordinary  farmers 
can  do  ? 

• 

MR.   BARTHOLEMEW'S  EXPERIMENTS. 

The  experiments  of  Mr.  Bartholemew  were  begun  in  the  year  1877, 
and  have  now  been  going  on  for  five  successive  years;  have  covered 
nearly  one  hundred  plots ;  been  repeated  on  the  same  plots  and  with  the 
same  fertilizers  and  the  same  crops  year  after  year,  and  on  other  parts 
of  the  same  and  contiguous  fields  with  other  crops,  and  are  decidedly 
the  most  instructive  and  valuable  ever  made  to  my  knowledge  by  a 
private  individual  in  this  country.     They  include  : 

(1.)  An  experiment  with  corn,  begun  in  1877  and  continued  through 
five  years,  with  the  same  fertilizers  and  the  same  plots. 

(2.)  An  experiment  with  potatoes,  made  in  1878.  (See  Appendix,  Table 
Y,  No.  27.) 

(3.)  A  special  nitrogen  experiment  with  corn  in  1878.  (Appendix,  Table 
II,  No.  13.) 

(4.)  A  special  nitrogen  experiment  with  corn  and  potatoes,  side  by 
side  (Appendix,  Table  I,  No.  13),  begun  in  1879  and  continued^  until 
the  present. 

(5.)  A  number  of  other  trials  not  reported  here. 

I  will  first  refer  to  Mr.  Bartholomew's  experiments  with  corn,  which 
were  begun  in  the  year  1877,  and  continued  on  the  same  plots  until  the 
present  time. 

The  plots  were  of  ten  square  rods  each.  The  soil  is  described  by  Mr. 
Bartliolemew  as  "  hill-laud,  a  dark  loam,  moist,  with  clayey  subsoil." 
The  field  was,  in  1874,  an  old  meadow,  yielding  about  one  ton  of  hay 
per  acre.  In  1875  it  was  plowed,  dressed,  and  planted  with  corn,  and 
yielded  35  bushels  per  acre.  In  1876  it  was  sowed  |to  oats,  with,  no 
additional  manure,  the  yield  being  40  bushels  per  acre.  In  1877  ex- 
periments began  with  corn.     The  land  had  thus  been  out  of  grass  for 
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three  years  previous  to  the  beginning  of  the  experiment,  or,  up  to  the 
present  time,  eight  years.  The  seasons  of  1877  and  1878  were  on  the 
whole  favorable.  In  1879  "  the  spring  was  late.  There  were  some  storms 
in  July  and  August  which  beat  the  corn  nearly  flat  and  stripped  the 
leaves  into  shreds.  Frost  killed  the  corn  September  25  before  it  ma- 
tured." Tn  1880  the  season  was  hardly  unfavorable ;  in  1881  very  un- 
favorable to  the  growth  of  corn. 
The  fertilizing  materials  used  were  as  follows : 


•+S 

O 


o 
6 


Fertilizers. 


Kind. 


i  Dried  blood 

Dissolved  bone-black... 

Muriate  of  potash 

C  Dried  blood 

I  Dissolved  bone-black.. 

(  Dried  blood 

s  Dissolved  bone-black . . 

(  Muriate  of  potash 

Plaster 


05    © 


320 

320 

320 

160 

160 

106 

106| ; 

106f3 

320 


- 
- 
— 


$■40  00 
35  00 
45  00 

37  50 


40  00 
10  00 


—  - 

o 
O 


$6  40 
5  60 
7  20 


6  00 


6  40 


1  60 


Furnishing  valuable  ingredients. 


Kind. 


*  5 


Zsitrogen 10 

Phosphoric  acid 16 

Potash 50 

C  Xitrogen 5 

£  Phosphoric  acid 8 

f  Nitrogen 3.3 

<  Phosphoric  acid   5.3 

(Potash 16.7 


-a 

©^ 


© 

SO    .-' 

|s 

O 


32 

51 
160 
16 
25i 
10| 
17 
53£ 


—    E 
7.    X 


- 


$6  40 
5  60 
7  20 

20 
85 
13 
87 
40 


Wood  ashes,  drv  and  leached,  and  farm  manures  were  likewise  em- 
ployed,  as  indicated  below.  A  number  of  brands  of  manufactured 
fertilizers  were  also  tried,  with  results  according  with  those  from  the 
regular  experimental  fertilizers. 


Plot. 


1 

2 
3 
4 
5 
6 
0 
7 
8 
9 
10 


Fertilizer. 


Kind. 


Amount  per  acre. 


Yield  of  shelled  corn  per  acre  in  bush- 
els. 


1877.        1878.        1879.        1880. 


Dried  blood 

Superphosphate  

Muriate  of  potash 

Mixture  I  and  II 

Mixture  I  and  II  and  III. 

Plaster 

No  manure  . .    .    

Wood  ashes,  dry 

Wood  ashes,  leached 

Hog  manure 

Hen  manure 


320  pounds 

320  pounds 

320  pounds       

160  pounds  of  each  . . 
106§  pounds  of  each 
320  pounds 


32  bushels  . . . 
48  bushels  . . . 
16  cart  loads 
20  bushels  ... 


13.7 
41.6 
15.  5 
38.0 
33.5 
19.4 
6.2 
34.9 
37.7 
41.1 
54.9 


10.0 
39.* 
11.0 
35.4 
30.5 
11.0 
3.0 
30.  4 
36.6 
46.6 
56.  7 


* 

21. 

7 

* 

22  4 
20.7 

* 

>r 

24. 

6t 

21.2 

* 

39.3 

12.8 

17.5 

* 

37.0 

11.3 

33.3 

8.7 

15.0 

* 

13.5 

*■ 

38.  8t 

t 

37.7: 

+ 

15.1 


*  Entire  failure. 

1  Dissolved  bone-black,  480  pounds  per  acre,  instead  of  ashes  in  1880.     Nothing  in  1881. 

J  Ammoniated  superphosphate,  480  pounds  per  acre,  in  place  of  ashes  in  1880.     Nothing  in  1881. 


lu  speaking  of  the  results  in  1881,  Mr.  Bartholemew  says : 

The  land  on  which  these  experiments  have  now  been  conducted  for  five  successive 
years  was  also  plowed  the  two  previous  years,  making  seven  years  in  succession  under 
cultivation.  The  soil  has  become  very  light,  has  washed  considerably  on  to  the  ;.o- 
joiniog  meadow,  and  seems  to  have  become  unfitted  for  corn.  The  plot  fertilized 
with  a  good  cart  load  of  farm  manure  has  produced  bur  little  more  than  that  with 
phosphate.  I  think  the  condition  of  the  soil  has  become  such  that  but  little  more  can 
be  learned  from  the  i  ffi       if  fertilizers  upon  it. 
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Two  things  are  especially  worthy  of  mention  in  connection  with  this 
experiment.  (1.)  That  wherever  phosphoric  acid  was  supplied  a  notable 
increase  of  yield  resulted,  and  that  without  the  addition  of  phosphoric  acid 
there  was  no  increase  of  crop.  Indeed,  the  following  statements  from  the 
report  of  the  experiments  in  1S77  are,  with  few  exceptions,  as  necessarily 
with  variations  of  season  almost  equally  appropriate  to  those  of  each  of 
the  following  years.  The  ashes  were  not  analyzed.  The  statements 
regarding  them  are  made  on  the  very  probable  assumption  that  the 
composition  was  as  ordinarily  touud. 

(1.)  In  the  four  cases,  Xos.  1,  :>.  6,  and  t»,  where  phosphoric  acid  was  not  suppliedr 
the  crop  failed.  (2.)  In  everj  case  where  phosphoric  arid  was  supplied,  either  alone 
(i.  c.j  as  superphosphate  with  the  lime  and  sulphuric  acid  incident  thereto)  or  with 
other  materials  in  Nos.  2.  4.  5,  8.  9,  and  10  the  crop  was  good.  (3.)  The  amounts  of 
phosphoric  acid  per  acre  in  No-.  2,  4.  and  •">  were  51,  '254,  and  1?  pounds,  respectively  ; 
the  yields,  41.0.  38,  and  33.5  bushels,  showing  a  corresponding  decrease.  Comparisons 
of  the  "amounts  of  phosphoric  acid  applied  and  corn  produced  in  the  other  cases,  of 
which  limited  space  excludes  details,  show  a  similar  and  singularly  uniform  ratio 
between  the  two.  This  parallelism  between  phosphoric  acid  and  yield  runs  through 
the  plots  with  ashes,  which  contain  less  of  the  phosphoric  acid,  and  brought  less 
corn,  and  those  with  farm  manures,  which  contain  more  and  brought  more.  (4.) 
The  product-  with  potash  salt  and  with  dried  blood  alone  was  less  than  on  the  one 
plot  with  no  manure.  (5.)  "While  the  crop  responded  uniformly  to  the  phosphoric 
acid,  it  got  little  apparent  benefit  from  the  other  ingredients  of  either  the  chemical 
fertilizers,  the  ashes,  or  the  farm  manure. 

The  main  feature  of  the  story  of  the  first  year  is  that  of  the  fifth  j 
without  phosphoric  acid,  failure ;  with  it,  a  larger  or  smaller  yield,  as  more 
or  less  is  used,  and  very  little  help  from  potash  or  nitrogen.  But  there 
is  this  addition,  that  phosphoric  acid  alone  is  unable  to  carry  the  crop 
year  after  year. 

Another  point  worthy  of  mention  is  that  the  land  has  refused  to  pro- 
duce corn  in  good  quantities  for  a  number  of  years  in  succession  with 
any  of  the  fertilizers  used.  This  is  worthy  of  record,  especially  in  view 
of  the  fact  that  on  another  part  of  the  same  field  corn  and  potatoes- 
are  being  cultivated  continuously  with  different  fertilizers. 

Mr.  Bartholemew's  special  nitrogen  experiment  of  1878,  detailed  in 
Table  I  of  Appendix,  and  experiments  with  potatoes  in  the  same  year, 
given  in  Table  V  of  the  Appendix,  were  made  on  a  contiguous  part  of 
the  same  field  as  the  ones  just  described.  As  regards  the  effects  of 
phosphoric  acid,  potash,  and  nitrogen,  they  coincided  fully  with  the  ex- 
periment just  described. 

In  these  experiments,  then,  potatoes  had  responded  to  phosphoric 
acid,  potash,* and  nitrogen,  though  phosphoric  acid  was  by  far  the  most 
effective  ingredient.  The  corn  had  responded  very  decidedly  to  the 
phosphoric  acid,  and  had  paid  but  little  heed  to  the  other  ingredients. 
Two  inferences  seem  to  be  deducible  from  these  results ;  first,  that  the 
soil  was  especially  deficient  in  phosphoric  acid ;  second,  that  corn  and 
potatoes  differ  materially  in  the  effects  of  the  several  fertilizing  ingre- 
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dients  upon  their  growth.  The  soil  experimented  upon  seemed  to  be 
reasonably  uniform ;  still  Mr.  Bartholeinew  felt  it  desirable  to  test  the 
uniformity  more  thoroughly. 

He  accordingly  planned  an  experiment  in  which  corn  and  potatoes 
should  be  planted  side  by  side,  and  in  which  intervening  plcis  should 
be  left  between  the  experimental  plots  proper;  that  is,  plots  of  one- 
tenth  of  an  acre  each  were  laid  out  and  received  the  experimental  fer- 
tilizers. Each  one  of  these  was  divided  lengthwise  and  half  devoted 
to  corn  and  the  other  half  to  potatoes.  Between  each  two  experi- 
mental plots  was  an  intervening  plot.  All  of  the  plots  were  treated 
uniformly,  and  thus  gave  a  measure  of  the  uniformity  of  the  soil.  The 
experiment  has  now  been  going  on  for  three  years.  The  table  here- 
with is  a  transcript  of  Mr.  Bartholemew's  report  of  the  results  in  1881. 
A  little  study  of  the  figures  will  show  how  uniformly  the  conclusions 
above  mentioned  are  borne  out  by  the  whole  five  years'  work. 
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3 i  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 

In  all  the  scores  of  trials  which  Mr.  Bartholeinew  has  made,  the  same 
results  have  been  obtained.  Corn  responded  largely  to  phosphoric  acid, 
less  to  nitrogen,  and  scarcely  at  all  to  potash ;  and  potatoes  responded 
to  all,  but  chiefly  to  potash.  It  should  be  added,  however,  that  Mr. 
Bartholemew  has  oftentimes  got  the  best  results  by  using  farm  ma- 
nures, supplemented  by  superphosphates.  Indeed,  in  his  case,  as  in 
many  others,  the  proper  use  of  manures  for  fertilizers  is  to  supplement 
the  manures  of  the  farm. 

3IR.   FAIRCHILD'S   EXPERIMENTS. 

The  experiment  of  Mr.  Fairchild,  in  1881,  was  given  in  detail  above. 
Others  may  be  found  in  Tables  I  and  II  of  the  Appendix.  In  his  experi- 
ments, which  have  been  going  on  now  for  five  years,  Mr.  Faircbild  has 
been  seeking  the  solution  of  a  number  of  problems,  some  of  which  may 
be  expressed  thus : 

(1)  Do  crops  on  my  land  demand  more  nitrogen,  phosphoric  acid,  pot- 
ash, sulphuric  acid  or  lime,  than  my  soil  supplies'? 

(2)  Do  different  plants  differ  with  respect  to  their  capacities  for  gather- 
ing these  materials  for  themselves,  and  their  consequent  demand  for 
them  in  fertilizers  ? 

(3)  In  what  forms,  quantities,  proportions,  and  ways,  can  I  use  these 
fertilizing  elements  with  profit J? 

Five  years  ago  Mr.  Fairchild  begau  a  series  of  experiments  some- 
what on  the  plan  of  the  general  experiments  already  described.  The 
results  indicated  that  phosphoric  acid  would  be  especially  efficient, 
though  potash  and  nitrogen  were  likewise  useful.  Xot  content,  how- 
ever, with  this,  he  went  into  some  more  elaborate  trials,  and  finally  un- 
dertook some  series  of  special  nitrogen  experiments,  as  have  been  de- 
tailed. Being  led  to  this  by  the  facts  that  while  nitrogen  seemed  very 
beneficial,  yet  it  was  very  expensive,  and  hence  it  became  a  matter  im- 
portant to  him  to  learn  how  much  or  how  little  could  be  used  with  profit, 
in  the  spring  of  1880  he  selected  a  portion  of  an  old  pasture,  the  soil 
of  which  was  very  poor,  and  seemingly  of  little  value.  On  this  he  laid 
out  twenty-five  plots  of  one-twentieth  of  an  acre  each,  and  applied  fertil- 
izers to  obtain  corn,  as  shown  in  Table  I  of  Appendix.  In  1881  he  re- 
peated the  experiment,  putting  the  same  fertilizers  on  the  same  plots, 
but  divided  the  experimental  area  in  two  equal  parts,  by  a  line  running 
across  the  experimental  strips;  devoting  one-half  to  oats  and  the  other 
to  potatoes.  The  results  of  this  experiment  are  set  forth  in  Table  I  of 
the  Appendix,  and  in  more  detail  as  above,  in  the  chapter  on  the  nitro- 
gen experiments.  In  the  fall  of  1881  the  land  was  sown  to  wheat  and 
grass,  and  fertilizers  applied  as  before.  After  taking  off  the  wheat  of 
1882.  Mr.  Fairchild  proposes  to  let  the  land  lie  in  grass  as  long  as  it  can 
be  made  to  yield  well.  Thus,  by  using  the  same  fertilizers  on  the  same 
plots  year  after  year,  through  the  regular  rotation.  Mr.  Fairchild  is 
gaining  definite  information  as  to  the  effect,  cost,  and  profit  of  the  more 
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expensive  ingredients  of  the  fertilizers  used,  particularly  of  the  nitrogen. 
Some  time  since  Mr.  Fairchild  favored  me  with  a  visit  at  my  study, 
and  gave  quite  a  number  of  details  concerning  the  results  of  his  exper- 
iments and  experience.  AViCh  his  permission  I  made  notes  of  some  of 
the  conversation,  and  on  looking  them  over  after  his  departure,  took 
occasion  to  send  him  a  few  farther  questions  in  a  letter  which  he  has 
kindly  answered.  The  observations  seemed  to  me  so  correct,  apposite, 
and  valuable  that  I  asked  the  privilege  of  putting  them  in  print.  The 
argument,  strongly  urged,  that  they  would  be  very  useful  to  his  fellow 
farmers,  finally  overcame  the  objections  which  his  modesty  interposed. 
I  quote  as  nearly  as  practicable  his  own  words  in  the  statements  which 
follow : 

*  *  *  On  the  whole,  phosphoric  acid  in  superphosphate  and  bone,  and  potash  in 
muriate,  have  thus  far  proved  most  efficient.  At  the  same  time,  in  many  cases  at 
least,  I  like  some  nitrogen  also,  and  think  a  complete  fertilizer  is  the  most  profitable 
for  me. 

*  *  *  As  to  the  outcome  of  my  experiments  with  nitrogen,  that  depends  upon 
soil  and  crops.  *  *  *  In  my  experience  thus  far,  nitrogen  in  small  (quantities  has 
generally  proved  profitable.  Bone  and  potash  give  a  moderate  yield  of  corn  and  oats 
on  very  poor  land,  bur  I  like  a  good  handsome  crop,  and  24  pounds  of  nitrogen  added, 
has  more  than  repaid  the  cost  in  increased  yield  of  corn  and  oats.  That  is,  mixtures 
containing  "one-third  ration"  of  nitrogen  have  been  uniformly  more  profitable 
than  "mixed  minerals"  alone,  or  than  mixed  minerals  with  a  two-thirds  or  a  full 
ration  of  nitrogen ;  and  this  is  my  experience  on  a  larger  scale.     *     *     * 

Yet  in  a  number  of  cases  potash  salts  with  bone,  and  also  with  superphosphate, 
bring  excellent  crops  without  nitrogen,  and  the  addition  of  nitrogen  would  be  un- 
profitable. 

My  neighbor,  Mr.  Williams,  had  a  very  fine  piece  of  corn  this  year,  with  only  200 
pounds  per  acre  of  bone  dust,  and  150  pounds  of  muriate  of  potash,  the  two  costing 
s7  per  acre.  I  have  noted  quite  a  number  of  similar  cases  in  this  district.  But  my 
land  was  very  badly  run  out  when  I  took  hold  of  it,  and  seemed  to  demand  a  little 
nitrogen.  So  far  as  I  have  observed,  soils  that  have  been  well  manured,  seeded  down, 
kept  in  grass  awhile,  and  then-  plowed  again,  do  well  with  potash  and  phosphoric 
acid,  without  artificial  supply  of  nitrogen.  My  corn  in' last  year's  nitrogen  experi- 
ments, rose  with  the  amount  of  nitrogen  added,  but  the  increase  was  not  enough  to 
pay  the  cost  of  the  72  pounds  or  even  of  48  pounds,  though  it  did  pay  for  the  24 
pounds.  And  with  the  oats  on  the  same  plots  the  past  season  the  yield  rose  with  in- 
crease of  nitrogen,  but  the  smallest  quantity  was  the  most  profitable,  as  you  can  see 
by  comparing  Plot  No.  7  with  Nos.  8  and  9,  and  No.  10  with  11  and  12. 

But  the  potatoes  gave  a  better  response  to  the  nitrogen  than  the  oats.  With  them 
the  two-third's  ration,  48  pounds  per  acre,  was  the  most  profitable,  and  the  value  of 
the  increase  exceeds  the  cost  of  the  fertilizer.  With  48  pounds  of  nitrogen,  the  gain 
was  $57  to  $65,  while  with  either  72  pounds  or  24  pounds  it  runs  from  840  to  859.  I 
notice  also,  as  a  result  of  my  experiments,  that  the  potatoes  seem  to  respond  to 
the  potash  much  more  readily  than  either  oats  or  corn. 

To  my  question,  "  Have  you  arrived  at  any  formulas  as  most  suitable 
for  fertilizers  for  your  crops  .' "     Mr.  Fairchild  answered  as  follows: 

V«s  and  no.  That  is,  I  have  made  up  my  mind  what  will  probably  do  well  on  my 
land  and  under  my  conditions  for  some  of  my  crops.  But  I  cannot  say  what  would 
be  most  advantageous  elsewhere,  nor  do  I  yet  know  exactly  what  will  prove  best  for 
me  years  hence,  or  with  crops  I  have  not  tested.  For  my  corn  I  expect  to  use  next 
spring  250  pounds  of  fine  ground  bone,  150  pounds  muriate  of  potash  (containing  50 
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per  cent,  actual  potash),  and  24  pounds  of  nitrogen  in  the  cheapest  form  I  can  get  it. 
So  far  as  my  experiments  go,  they  indicate  that  sulphate  of  ammonia  and  nitrate  of 
soda  do  rather  better  than  dried  blood.  Nitrate  of  soda  is  cheap  now,  and  I  rather 
expect  to  use  that. 

With  potatoes  and  oats  I  have  not  experimented  so  much.  Judging  from  the  past 
season's  experience,  it  seems  probable  that  the  quantities  of  bone  and  potash  salt  I 
just  mentioned,  and  about  double  the  nitrogen,  will  make  a  good  mixture.  For  oats 
I  am  inclined  to  make  use  of  the  same  proportions  as  for  corn,  but  I  think  smaller 
total  quantities  would  do  upon  these  crops.  According  to  analysis,  an  oat  crop  takes 
less  from  the  soil  than  one  of  corn,  and  my  experience  indicates  that  oats  will  do  well 
with  less  manure.  I  expected  the  large  quantities  on  some  of  the  plots  of  the  nitro- 
gen experiment  would  make  them  lodge  badly,  but  the  weather  or  something  else 
kept  them  up  all  right. 

MR.    SAGE'S    EXPERIMENTS. 

I  wish  likewise  to  call  especial  attention  to  the  experiments  of  Mr. 
Sage,  detailed  in  Table  I  of  Appendix,  in  both  of  which  potash  has 
proved  remarkably  efficient;  phosphoric  acid  added  something  to  the 
yield,  but  nitrogen  has  been  almost  without  effect.  In  an  experiment 
in  another  trial  not  reported  here,  Mr.  Sage  found  very  similar  results. 

One  hundred  and  fifty  pounds  of  muriate  of  potash  made,  as  Mr.  Sage 
says,  the  difference  between  a  crop  scarcely  worth  huskiug,  and  60 
bushels  per  acre  of  as  fine  corn  as  he  could  ask  for. 

MR.   NEWTON'S   EXPERIMENTS. 

The  experiments  of  Mr.  Newton,  detailed  in  Tables  II  and  III,  Ap- 
pendix, are  among  the  most  interesting  of  all.  The  particular  point  in 
this  case  is  the  effect  of  nitrogen  upon  the  corn.  While  in  most  cases 
the  nitrogen  has  little  or  no  effect,  in  Mr.  Newton's  trials  it  was  the  only 
effective  ingredient;  and  the  corn  responded  to  it  very  uniformly  where- 
ever  it  was  applied. 

Had  not  so  much  space  already  been  consumed,  I  should  speak  in  de- 
tail of  a  number  of  other  experiments;  as  those  of  Mr.  Pierce,  Mr.  Hicks, 
Mr.  Eliason,  and  others. 

EXPERIMENTS   OF   MR.   CLENDON. 

I  must,  however,  make  at  least  brief  reference  to  the  experiments  by 
Mr.  Clendon,  of  Virginia,  which  are  found  in  Table  VIII  of  the  Appendix. 
The  most  interesting  point  in  Mr.  Clendon's  experiments  is  the  effect 
of  the  raw  or  undissolved  South  Carolina  phosphate.  Concerning  this, 
Mr.  Clendon  writes  as  follows : 

Allow  me  to  call  particular  attention  to  the  benefits  derived  from  the  use  of  tinely 
powdered  hut  otherwise  unmanipulated  South  Carolina  rock.  I  have  used  it  tor  sev- 
eral years  in  quantities  varying  from  the  single  bag  up  to  ten  tons,  and  have  become 
satisfied  that  in  equal  values  it  did  as  much  good  as  tin-  superphosphates  :  hut  until 
this  year  have  not  made  comparative  tests  where  the  crops  were  weighed. 

It  will  he  seen  from  the  experiments  that  nitrate  of  soda  and  potash  do  not  pay. 
Superphosphate  of  lime  did  well,  but  the  South  Carolina  phosphate  did  better.  An 
application  of  400  pounds  per  acre  gave  an  increase  of  over  19  bushels  of  shelled  corn. 


FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 


37 


The  soil  is  a  decomposed  gneiss,  uniformly  poor,  and  is  a  fair  sample  of  hundreds  of 
square  miles  lying  between  the  base  of  the  Blue  Ridge  and  tide-water  in  Virginia. 

On  soils  containing  lime,  superphosphate  is  rapidly  reduced  to  an  insoluble  condi- 
tion, and  from  its  extreme  fineness  may  be  better  than  the  raw  phosphate  :  but  judg- 
ing from  the  softness  of  our  spring  water — for  household  purposes  practically  as  soft 
as  rain  water — my  soil  contains  very  little  lime,  and  a  soluble  phosphate  maybe  posi- 
tively injurious:  and  when  not  injurious  may  form  the  insoluble,  inert  phosphate  of 
iron. 

My  experiments  have  been  carried  over  ten  years  with  uniform  results.  In  every 
y«ar  the  good  effect  of  the  raw  phosphate  was  apparent.  As  South  Carolina  phos- 
phate is  so  cheap,  I  think  my  experiments  should  be  repeated  over  a  wide  country.  I 
am  aware  that  in  some  localities  an  insoluble  phosphate  is  regarded  as  of  no  value. 
The  same  may  be  said  of  superphosphates.     Experiment  alone  is  the  farmer's  safety. 

EXPERIMENTS  OF  PROFESSOR  STUBBS. 

These  experiments  are  of  especial  interest  from  the  fact  of  their  being" 
made  with  cotton,  the  study  of  which  for  the  Southern  States,  is  of 
incalculable  importance.  On  receipt  of  Professor  Stubbs's  report,  I 
wrote  him  a  letter  containing  the  following: 

The  results  seem  to  me  most  interesting  and  valuable.  The  potash,  as  you  say, 
appears  to  have  very  little  effect,  the  nitrogen  more,  and  the  phosphoric  acid  most 
of  all.  In  how  far  these  results  are  decided  by  the  soil  and  to  what  extent  they  are 
due  to  the  feeding  capacity  of  the  plant  are  of  course  questions  for  further  investi- 
gation. It  is,  however,  interesting  to  note  that,  while  the  one-third  nitrogen  ration 
in  each  of  the  three  nitrogen  groups  materially  increases  the  yield,  or  at  least  ap- 
pears to  do  so,  instead  of  rising  with  the  large  applications  of  nitrogen,  actually  falls. 
I   have  put  your  figures  together  so  as  to  show  this. 

Assuming  the  yield  on  Plot  No.  7  with  Fertilizer  No.  6  to  represent  what  would  be 
the  yield  in  each  case  with  superphosphate  and  potash  salt,  we  have  yields  of  cotton 
and  gains  due  to  nitrogenous  fertilizers  as  follows: 


Amount  of  nitrogen. 


Nitrogenous  fertilizer. 


Nitrate  of  soda 

Sulphate  of  ammonia 

Dried  blood 

Average  of  above  

Mixed  minerals 

( rain  from  nitrogen 

Cotton-seed  meal   

Mixed  minerals 

Grain  from  nitrogen. 


24  pounds. 

48  pounds. 

72  pounds. 

Pounds. 
1,545 
1,115 
1,357 

Pounds. 

1.403 
1,265 
1,300 

Pounds. 
1,242 
1,162 
-  1,127 

1,338 
1,?19 

1,323 

1,219 

1,177 
1,219 

119 

104 

42 

1,253 
1,219 

1,518 
1,219 

1,345 
1,219 

34 

299 

126 

Thus  in  the  nitrate  of  soda  group,  Xos.  8,  10,  and  13,  the  No.  8,  with  "J  4  pounds  of 
nitrogen  per  acre,  shows  increase  of  over  300  pounds  over  No.  6,  "mixed  minerals," 
while  in  Nos.  8  and  9  the  amount  decreases  so  as  to  show  with  72  pounds  of  nitrogen 
in  No.  9  no  increase  over  No.  (i.  The  results  with  the  sulphate  <>t  ammonia  group 
show  practically  no  inerease  ;  indeed,  if  anything,  a  falling  off  of  nitrogen.  Nor  are 
they  much  more'  favorable  with  dried  blood  :  iudeed  hen-  while  there  is  a  slight  gain 
with  the  one-third  ration,  the  others  fall  off  until  with  the  full  ration  there  is  a  de- 
cided decrease  as  compared  with  the  yield  with  no  nitrogen  at  all. 
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In  short  one  can  almost  say  that  the  more  nitrogen  there  is  applied  the  less  cotton 
is  produced. 

Of  course  if  we  had  the  four  plots  with  ,;  mixed  minerals"  instead  of  one,  the 
comparison  would  be  more  reliable  as  an  index  of  the  gain  with  nitrogen.  Still  these 
figures  agree  very  emphatically  in  testifying  that  the  large  quantities  of  nitrogen  in 
the  commercial  forms  were  very  unprofitable. 

The  figures  for  cotton-seed  meal  are  striking.  Lumping  the  gains  with  the  several 
nitrogenous  materials  together,  we  have  more  with  this  than  with  either  sulphates 
of  ammonia  or  dried  blood,  and  about  the  same  as  with  nitrate  of  soda.  Thus  the 
total  vields  are : 


Amount  of  ration. 


Xitrate  of 
soda. 


Bushels. 

One-third  ration 15.  45 

Two-third  ration 14.  03 

Full  ration 12. 42 

Sum 41.  90 


Sulphate 
of  ammo- 


nia. 


Dried 
blood. 


Cotton-seed 
meal. 


Bushels. 

Bushels. 

Bushels 

11.15 

13.  57 

12.  53 

12.65 

13.00 

15.  18 

11.62 

11.27 

13.  45 

35.42 


37.84 


41.10 


That  is  to  say,  according  to  the  testimony  of  this  experiment : 

1.  In  return  for  24  pounds  of  nitrogen  per  acre  in  commercial  fertilizers,  which 
would  cost,  near  the  large  seaboard  markets,  at  present  prices,  cash,  say  (24  pounds, 
at  25  cents  per  pound).  $6,  and  in  the  interior,  on  time,  a  good  deal  more,  you  get,  on 
the  average,  119  pounds  of  cotton.  When  you  double  the  amount  of  nitrogen  you 
get  less  increase  ;  trebling  it,  you  have  a  loss. 

2.  But  when,  instead  of  using  these  imported  products,  you  put  back  on  your  laud 
the  cotton  seed  it  has  already  produced,  enough  to  furnish  the  same  quantity  of  ni- 
trogen (about  Two  pounds  of  cotton-seed  meal  for  one  of  nitrate  of  soda,  and  three 
for  one  of  sulphate  of  ammonia),  you  get  as  much  as  with  the  nitrate  of  soda  and  more 
than  with  anything  else. 

Of  course,  no  wise  man  will  proclaim  a  general  principle  from  a  single  series  of  ex- 
periments. Still  these  results  are  certainly  striking  and  suggestive.  There  are  two 
questions  in  particular  which  they  suggest  anew  to  me.  as  doubtless  they  have  done 
to  you. 

First.  Where,  how,  and  in  what  quantities  can  nitrogen  be  used  with  profit  to 
grow  cotton? 

Second.  If  this  element,  which  is  already  scarce  and  costly,  and  growing  scarcer 
and  costlier  year  by  year,  is  necessary  to  make  cotton  grow,  is  it  better  for  planters 
to  send  their  money  to  distant  dealers  who  must  search  the  North,  East,  and  West,  and 
even  send  to  foreign  lands  to  obtain  it,  or  to  utilize  a  home  product  that  furnishes  the 
nutrition  at  vastly  less  cost  and  a  lot  of  phosphoric  acid  and  potash  besides?  The 
farmers  and  planters  of  Georgia  and  other  Southern  States  are  importing  millions  of 
dollars'  worth  of  nitrogen  every  year.  Is  this  wi>e.  and  how  can  the  question  as  to 
the  economy  be  solved  otherwise  than  by  direct  experiment  .' 

I  have  thus  hastily  and  crudely  set  down  some  of  the  things  that  first  occur  to  me 
from  very  brief  study  of  your  experiment.  My  object  is  not  to  assume  the  position  of 
interpreter,  hut  rather  to  inquire  if  these  ideas  agree  with  your  own,  and  to  ask  it' 
you  will  not  kindly  favor  me  with  your  own  interpretations  and  suggestions.  I 
should  regard  it  as  an  especial  favor  it' you  would  furnish  me  your  comments  for  pub- 
lication with  your  experiment. 

To  this  Professor  Stubbs  replied  as  follows : 

I  refrained  from  the  discussion  of  the  result  of  the  experiments  in  extenso,  bi  —  ■ 
I  have  discussed  the  questions  involved  in  an  official  report  now  in  press.  In  mak- 
ing this  series  of  experiments  I  had  the  following  questions  in  view  : 
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1st.  Which  of  the  valuable  ingredients  of  manure,  nitrogen  (or  ammonia),  phos- 
phoric acid,  and  potash,  are  needed  by  cotton  on  our  soil  ? 

2d.  Which  form  of  nitrogen  is  best  adapted  to  the  requirements  of  cotton,  the  nitro- 
gen being  furnished  in  the  form  of  nitrate  of  soda,  sulphate  of  ammonia,  dried  blood, 
and  cotton-seed  meal  ?  , 

3d.  If  nitrogen  is  needed,  what  amount  is  necessary  to  make  a  maximum  crop  at 
greatest  profit  ? 

Nearly  all  of  these  questions  were  decided  to  my  own  satisfaction  by  a  series  of 
carefully  conducted  experiments  exteuding  through  five  years  on  my  plantation  near 
this  place,  several  years  since.  They  have  been  repeatedly  published,  all  tending  to 
show  that  our  soil  results  from  disintegration  of  metamorphic  rocks,  principally  horn- 
blendic  and  feldspathic,  showing — 

1st.  No  need  of  potash  for  cotton. 

2d.  Decided  need  of  phosphoric  acid  in  soluble  forms. 

3d.  A  small  advantage  from  nitrogen  in  moderate  quantities. 

Upon  soils  rich  in  vegetable  matter,  the  last  deduction  may  be  amply  modified,  but 
our  great  want  for  cotton,  and  it  seems  to  prevail  throughout  the  older  cotton  States, 
is  soluble  phosphoric  acid.  On  worn-out  soils  a  small  amount  of  nitrogen  also  seems 
to  be  required. 

The  most  favorable  proportion  seems  to  be  about  three  parts  nitrogen  to  ten  of  phos- 
phoric acid.  Cotton-seed  meal  has  been  practically  tested  by  myself  alongside  of  other 
nitrogenous  material,  time  and  again,  and  has  always  proved  equal  in  fertilizing  value, 
and  cost  less  than  other  nitrogenous  fertilizers.  So  decided  have  been  the  results  of 
these  experiments  that  for  four  years  I  have  not  bought  an  ounce  of  manipulated 
guano  or  chemical  salts,  other  than  dissolved  bone  and  cotton-seed  meal.  A  mixture 
of  these  two  furnishes  a  manure  for  cotton,  which,  I  think,  cannot  be  surpassed  by 
-any  other  mixture.  I  have  fouud  but  one  other  equal  or  superior  to  it,  and  that  is  a 
compost  of  cotton-seed,  stable  manure,  and  dissolved  bone. 

In  speaking  further  of  the  poor  economy  of  purchasing  nitrogenous 
material  outside,  and  the  better  policy  of  using  cotton-seed,  Professor 
Stubbs  continues : 

Let  us  compare  results.  A  fertilizer  containing  3  per  cent,  of  nitrogen  and  10  per 
cent,  of  available  phosphoric  acid,  sells  here  for  $45  per  ton  cash,  or  for  a  bale  of 
cotton  on  time.  ■  A  fertilizer  made  of  equal  parts  of  a  high  grade  of  dissolved  bone, 
costing  here  630,  and  showing  14  or  10  per  cent,  of  available  phosphoric  acid,  and 
cotton-seed  meal  which,  costing  $20  per  ton.  will  contain  3^- per  cent,  of  nitrogen,  and 
Si  to  94-  per  cent,  of  available  phosphoric  acid,  and  will  cost  825  per  ton.  Hence  you 
get  nearly  two  tons  of  the  latter,  strictly  pure,  at  the  cost  of  one  of  former,  which 
would  be  up  to  the  standard.  I  use  annually  20  tons  of  the  mixture,  which  costs  me 
less  than  $20  per  ton,  while  my  neighbor,  who  buys  on  time,  pays  20  bales  of  cotton 
for  the  same  amount,  and  here  is  the  secret  of  failure  to  use  cotton-seed  meal  in  larger 
quantities  as  a  manure.  It  sells  for  cash,  and  our  cotton  planters  buy  little  or  noth- 
ing that  way. 

Nearly  all  of  our  cotton-seed  meal  goes  to  Europe  and  North  to  be  used  for  feeding, 
while  both  our  lands  and  our  stock  cry  out  against  this  unnatural  deprivation.  But 
a  change  is  gradually  being  wrought.  Already  a  large  company  Is  operating  in  this 
State  manufacturing  a  high  grade  of  goods  out  of  cotton-seed  meal  and  a  high  grade 
of  dissolved  hone.  But  they  sell  on  time,  and  will,  I  expect,  make  a  large  profit.  So 
much  for  results  of  other  experiments  of  which  these  are  confirmatory.  Now  to  ex- 
periments themselves.  1st.  Potash  gives  no  increase.  2d.  Phosphoric  acid  brings 
decidedly  good  returns.  3d.  Nitrogen  increases  the  yield  a  little.  4th.  Increase  of 
the  nitrogen  is  practically  of  little  use  even  if  not  detrimental.  5th.  Cotton-seed  meal 
is  decidedly  the  cheapest  form  of  nitrogen.  These  are  my  conclusions  from  experi- 
ments.    Let  us  discuss  them. 
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1st.  In  experiment  Xo.  4  (potash  alone)  the  yield  is  less  than  No.  1  (with  nothing) 
just  the  difference,  I  think,  between  the  natural  fertility  of  the  two  plots. 

2d.  Phosphoric  acid  increased  every  yield  where  it  was  used,  and  this  has  been  the 
universal  result  of  all  experiments  in  cotton  in  North  Carolina,  South  Carolina. 
Georgia,  and  Alabama.  (In  black,  cretaceous  prairie  cotton  belt  of  latter  State  fer- 
tilizers have  not  been  used  as  yet,  and  hence  this  area  is  not  included  in  assertion. 
Will  try  some  this  year  on  these  soils  to  test  this  question.) 

Phosphoric  acid-has  the  decided  tendency  in  cotton  to  make  fruit,  so  much  so  that 
in  Experiments  2  and  3,  until  they  began  to  fruit,  no  difference  in  appearance  was 
perceptible.  As  soon  as  they  began  to  take  on  "  squares  "  the  difference  was  very  per- 
ceptible. Again,  phosphoric  acid  has  a  decided  tendency  to  hasten  maturing,  an  im- 
portant item  here,  since  the  caterpillar  almost  invariably  more  or  less  injures  our  late 
cotton. 

3d  and  4th.  Nitrogen  alone  increases  the  crop  only  a  little.  This  it  does  by  increas- 
ing size  of  plant  and  thus  enabling  it  to  grow  larger  and  more  extended  roots,  by  vir- 
tue of  which  a  larger  amount  of  phosphoric  acid  is  gathered,  whieh  really  increases 
the  ultimate  production;  but  the  land  is  always  overcropped  thereby,  aud  shows 
evidence  of  it  the  next  summer.  For  the  same  reason,  on  most  soils,  a  small  addition 
of  nitrogen  to  dissolved  bone  is  beneficial,  since  its  increase  of  roots  and  stalks  enables 
the  plant  to  utilize  the  phosphoric  acid  more  completely,  and  perhaps  also  to  draw  an 
extra  quantity  from  the  soil :  but  if  an  extra  amount  of  nitrogen  is  used,  the  organs 
of  vegetation  are  developed  too  long  into  the  season  to  admit  of  a  large  crop.  This 
is  especially  true  during  a  wet  season.  All  the  energy  of  the  plant  is  exerted  in  mak- 
ing vegetation,  and  often  the  frost  catches  it  just  as  it  begins  to  fruit  well.  This  is 
especially  true  of  cotton,  since  it  is  a  perennial  plant,  and  if  furnished  with  excess  of 
nitrogen  will  continue  to  grow,  making  but  little  fruit,  until  checked  by  drought  or 
cold.  Farmers  in  rich  bottom  correct  this  tendency  by  topping.  In  this  way  I 
readily  account  for  loss  where  two  or  three  rations  were  used.  All  those  experiment s 
where  two  and  three  rations  of  nitrogen  were  used  were  green,  growing,  blooming,, 
fruiting,  and  luxuriant  when  killed  by  frost.  Further  evidence  can  be  found  in 
amounts  picked  at  various  times:  while  nearly  three-fourths  of  Experiments  3,  5,  ?. 
8,  9,  14.  17.  and  22  were  gathered  by  October  1.  Nos.  10,  13,  14.  12,  16,  17,  19,  and  20 
not  one-half  and  in  some  instances  not  one-third  were  gathered  bv  that  time.  Again, 
with  these  larger  rations  of  nitrogen,  should  a  severe  drought  prevail,  the  plant  is 
always  burned  or  "rusted"  to  a  disastrous  extent,  and  hence  loss. 

Either  horn  of  dilemma  is  dangerous.  Extremly  propitious  seasons,  with  frost  de- 
ferred till  winter,  only  can  insure  a  success  with  large  quantities  of  uitrogen,  and 
then  only  when  phosphoric  acid  is  furnished  in  larger  quantities,  either  by  the  soil 
or  artificially.  Just  here  let  me  remark  that  the  cotton  plant  is  worthy  of  a  thorough 
scientific  study.  It  has  a  large  leaf  surface,  endowed  with  power  to  assimilate  a 
large  quantity  of  nitrogen  when  grown  on  a  poor  soil.  If,  as  it  has  been  asserted, 
every  plant^is  capable  of  assimilating  the  nitrogen  of  air  in  proportion  to  extent  of 
leaf  surface,  then  cotton  should  stand  in  the  front  rank  as  a  "green  manuring  crop," 
and  this  is  claimed  for  it  by  some. 

In  a  published  report  of  these  experiments,  Professor  Stubbs  com- 
pares in  detail  the  effects  of  nitrogen  in  different  forms  and  combina- 
tions as  compared  with  its  cost,  and  concludes  as  follows: 

Hence  the  value  of  nitrogen  in  cotton-seed  meal  as  a  fertilizer  for  cotton  is  but 
little  inferior,  if  not  equal,  to  nitrogen  in  that  form  which  is  universally  acknowl- 
edged to  be  the  best  and  highest,  viz.,  nitrate  of  soda.  Therefore,  I  say  with  proper 
economy,  with  proper  utilization  of  his  own  cotton  seed,  supplemented  by  such  home- 
made manures  (rich  in  nitrogen),  as  can  be  made  and  saved  upon  every  plantation, 
the  southern  planter  needs  no  imported  nitrogen  to  grow  his  crops. 

When  we  remember  the  proximity  of*  the  large  phosphatic  beds  of  Charleston,  S.  C, 
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out  of  which  are  made  nearly  all  of  the  superphosphates  which  supply  our  soils  with 
that  much  needed  ingredient,  phosphoric  acid ;  when  we  rememher  that  our  chief  sta- 
ple can  he  furnished  with  all  the  needed  nitrogen  from  home  sources,  and  that  potash, 
when  needed,  can  he  obtained  from  the  ashes  of  our  extensive  forests,  thus  furnishing 
from  southern  soil  all  the  needful  ingredients  to  grow  our  southern  staple,  it  is  with 
feelings  of  pride  and  pleasure  that  we  contemplate  the  vast  capabilities  and  magnifi- 
cent possibilities  of  southern  agriculture  in  the  near  future. 

PENNSYLVANIA  AGRICULTURAL  COLLEGE — EXPERIMENTS  BY  PRO- 
FESSOR JORDAN. 

A  series  of  experiments,  upon  a  plan  closely  according  with  that  of 
the  "special  nitrogen  experiments"  above  described,  was  instituted  in 
1881  upon  two  of  the  experimental  farms  of  the  Pennsylvania  Agricul- 
tural College  by  Prof.  W.  H.  Jordan,  formerly  of  the  Maine  State  Col- 
lege, whose  experiments  on  the  farm  of  the  last-named  institution  have 
already  been  mentioned.     (See  Appendix  Tables  I  and  VIII.) 

The  following  accounts  of  the  Pennsylvania  experiments  are  quoted 
from  advance  sheets  of  Professor  Jordan's  report  for  1881,  kindly  fur- 
nished for  the  purpose  : 

PLAN   OF   THE   EXPERIMENTS, 

The  general  plan  of  the  experiments  herewith  reported  is  as  follows:  The  fertilizers 
are  to  he  used  on  a  rotation  of  crops,  each  rotation  occupying  four  years.  The  order 
will  he  corn,  oats,  wheat,  and  grass.  The  fertilizers  to  he  applied  only  twice  during 
each  rotation  to  the  corn  and  wheat.  The  plots  are  accurately  measured,  and  the 
fertilizers  used  and  the  crops  produced  are  in  each  case  carefully  weighed.  The  same 
fertilizers  are  to  he  applied  to  the  same  plots  each  time,  several  plots  not  receiving 
any  fertilizer  at  all.  The  various  manures  used  will  he  phosphatic,  potassic,  nitrogen- 
ous, and  mixtures  of  two  or  all  three  of  these ;  yard  manure  alone  and  with  lime ; 
lime,  ground  limestone,  and  plaster. 

The  points  to  he  given  special  attention  are  the  following  : 

First.  The  necessary  ingredients  of  a  fertilizer  for  continued  use,  with  especial  ref- 
erence to  the  nitrogen  supply. 

Second.  The  relative  effect  of  the  same  fertilizer  upon  different  crops. 

Third.  The  relative  effect  of  a  continued  use  of  commercial  fertilizers  and  of  yard 
manure.  _ 

Fourth.  The  henefits  of  lime,  ground  limestone,  and  plaster. 

The  experiments  conducted  the  past  season  were  with  corn  and  oats  on  the  central 
farm,  and  with  corn  on  the  eastern  farm. 

REPORT  OF  EXPERIMENT  WITH  OATS  ON  THE  CENTRAL  FARM,  1881. 

Conditions  of  experiment. — The  soil  of  the  experimental  plots  on  tlys  farm  is  essen- 
tially a  "limestone  clay."  It  is  rather  tenacious  and  heavy  when  wet,  hut  dries 
oft'  rapidly  after  a  rain,  the  natural  drainage  heing  good.  The  plots  on  which 
the  oats  were  sown  were  planted  to  corn  in  1880.  Previous  to  that  the  land  had 
grown  a  rotation  of  crops,  but  had  received  no  manure  for  five  years.  In  1880  the 
plots  all  received  an  application  of  yard  manure,  with  the  exception  of  one  or  two. 
Although  the  plots  had  heen  used  for  experimental  purposes  previous  to  this  year, 
the  differences  in  the  manuring  was  so  slight  in  most  cases,  and  so  much  time  had 
elapsed  since  the  application  of  any  manure,  it  is  helieved  that  the  results  are  not 
seriously  affected  hy  previous  conditions,  especially  as  in  the  past  the  treatment  of 
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the  plots  pertained  mostly  to  methods  of  plowing,  and  of  care  of  the  crops,  rather 
than  to  radical  differences  in  the  manures  used. 

The  size  of  the  plots  is  260  feet  long  by  21  feet  wide,  each  containing  one-eighth  of 
an  acre. 

In  the  experiment  on  oats,  the  method  of  cultivation,  time  of  sowing,  amount  of 
seed,  and  time  of  cutting  were  the  same  for  all  the  plots. 

The  land  was  plowed  in  the  spring,  after  which  the  commercial  fertilizers  were 
sown  broadcast  and  harrowed  in,  the  yard  manure  having  been  spread  on  the  sod  and 
plowed  under.  The  lime,  ground  limestone,  and  plaster  were  also  sown,  and  har- 
rowed in  after  plowing.  Four  quarts  of  Excelsior  oats  were  sown  on  each  plot,  or 
at  the  rate  of  two  bushels  per  acre.  The  seed  was  sown  in  April  22,  and  the  oats 
were  cut  July  18. 

In  the  following  table  are  shown  the  arrangement  of  the  plots,  the  kinds  and  quan- 
tities of  fertilizers  applied  per  acre,  the  quantities  of  valuable  ingredients  contained 
in  the  fertilizers,  and  the  yield  of  oats  and  straw  per  plot  and  per  acre. 

The  percentages  of  valuable  ingredients  in  the  materials  used  were  as  follows  :  Dis- 
solved bone,  16  per  cent,  available  phosphoric  acid ;  muriate  of  potash,  50  per  cent, 
potash;  dried  blood,  10  per  cent,  nitrogen ;  nitrate  of  soda,  15  per  cent,  nitrogen; 
sulphate  of  ammonia,  20  per  cent,  nitrogen.  The  yard  manure  was  that  produced 
by  fattening  steers  fed  upon  corn  meal  and  corn  fodder.  It  contained  considerable 
litter. 
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Table  A — Showiiu/  results  of  experiment  with  fertilizers  on  oats,  conducted   at  the  cen- 
tral farm. 


A. — Valuable  in-  C 
gredien  t  s  < 
singly.        I 

B.— Valuable  in-  | 
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t wo  by : 
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nit  ro  gen 
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by      dried  | 
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fertilizer,  f 
with  nitro- 
gen in  dif- 
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by  nitrate 
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w 
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14 
15 
16 

"i 

18 
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20 

21 1 

22 

23 
24 
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Kind  of  fertilizer. 


•- 


Nothing 

Dried  blood 

Dissolved  bone.. .. 
Muriate  of  potash. 

Dissolved  bone 

Dried  blood 

Muriate  of  potash. 

Dried  blood 

Dissolved  bone. . . . 
Muriate  of  potash. 
Nothing 


Lbs. 


320 

300 
200 
300 
320 
200 
320 
300 
200 


Quantities  of  val- 
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per  acre. 


Production 
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32 


32 


32 
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f.  _, 
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Lbs. 


48 


48 


48 


Mixed  minerals 

Dried  blood 

Mixed  minerals 
Dried  blood.  .. 
Mixed  minerals 

Dried  blood 

Mixed  minerals 
Dried  blood. ._ . 


240      24 


480 


48 


720 


48 
48 
"48* 

"48 


240      24 


320 


52.4 


90 


52.4 


48 
25 
48 


34 


Plaster  

Nothing 

Mixed  minerals   

Yard  manure 12,  000 

Mixed  minerals" 

Dried  blood 240     24 

Yard  manure   16,000     72 

Mixed  minerals* •»     48 

Dried  blood 480     48 

Yard  manure 20,  000 

Mixed  minerals'*' 

Dried  blood 720 

Yard  manure 12,000 

Lime 500 

Lime 500 

Nothing ! 

Mixed  minerals' 
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48 
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(  Nitr 

J  M 

c  N 


xed  minerals 
Urate  of  soda. 


48 
48 


160     24 


-  (     Mixed  minerals 

itrate  of  soda 


320      48 


28 


<     Mixed  minerals 
i     Nitrateofsoda 


480     72 


29  Mixed  minerals* 
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dUi     Sulphate  of 


ammonia. . 


31 


{  ? 


Mixed  minerals  

Sulphate  of  ammonia.. 


120     24 


240     48 


,{ 


33 
34 

35- 

36 


T. 

— 
- 


Lbs. 
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- 

O 


— 
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148 
155 
173 
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100       ? 

5 


100 
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152 

150 
115 


100 

ioo" 

100 
100 " 


1 198 
|  20*3 
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1 190 
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1 199 
187 

}«. 

200 
|  228 

*  204 

.....      196 

188 

100         225 


100 
60.4 
100 


83 
100 
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100 


60.4 


100 


43  100 

48  100 

18  100 

48  100 


48     100 


Mixed  minerals' 

:- 

100 

Sulphate  of  ammonia  .         360 
Plaster    320    

Ground  limestone 500    

198 


!18 
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198 

210 

184 


- 


Bush. 
37 

38.7 
43.2 
40 


Lbs. 
387 
485 
535 
538 

550      44. 2 

416     38 

480     37. 5 
300     28. 8 

565  49. 5 

620  50. 7 

650  51.7 

610  47. 5 


430 
490 
585 
545 

620 

565 

710 

586 

735 


38.6 
39.  1 
51.5 

44.7 

49.7 
46.7 

52.7 
50 


600     51 


560 
568 

715 


49 
47 
56.3 


254       815     63. 5 


205       715     51. 3 


720     49. 5 


248  740     62 

249  772     62. 5 


762      54.  5 


754      57. 3 


548 

582 


680 
652 


16 

49 

52    ■ 
16 


72 


Lbs. 

3,  096 
880 

4,280 

4,  304 

4,400 

3,328 

3,840 
2,400 

4,520 
4,960 
5,200 
4,880 

3,840 
3,920 
4,680 
4,360 

4,960 

4,520 

5,680 

4,688 

5,880 

4,800 

4,480 

4,  524 

5.  720 

6,520 

5,720 

5,760 

5,  920 

6,176 


6,  096 


6,032 

4,384 
4,656 

5,440 

5,  216 


'The  term  "mixed  minerals"  is  used  to  designate  the  fertilizers  applied  to  Plot  7.  viz,  dissolved 
bone,  30D  pounds  per  acre,  and  muriate  of  potash.  200  pounds. 
■  (A  combination  of  dissolved  hone,  muriate  of  potash,  and  some  nitrogenous  fertilize!. 
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In  the  next  table  are  given  the  average  results  where  several  plots  are  manured  in 
essentially  xhe  same  manner.  For  instance,  there  are  four  sets  (C,  D.  F.  and  G  of 
previous  table)  of  plots  in  which  mineral  fertilizers  alone  (fertilizers  containing 
phosphoric  acid  and  potash,  bin  no  nitrogen),  and  the  same,  combined  with  varying 
quantities  of  nitrogen,  are  used,  the  only  difference  being  that  the  nitrogen  is  not 
furnished  by  the  same  material  in  every  set. 

In  order  to  see  the  effect  of  using  no  nitrogen,  or  of  using  it  in  small  or  large  quan- 
tities, the  average  of  these  four  sets  of  plots  is  given. 

Three  plots  16,  18,  and  20  of  previous  table)  were  manured  with  barn-yard  manure, 
and  the  figures  given  represent  their  average  production. 

It  is  believed  that  these  averages  represent  very  fairly  the  effect  of  the  various  fer- 
tilizers, as  the  plots  receiving  no  fertilizer  and  those  manured  alike  are  quite  well 
distributed  over  the  experimental  ground. 

Table  B — Summary  of  Table  A. 

Quantities  of  val-  Increase 

uable  ingredi-  Yield  per     over  yield.      Pecuniary 

ents  applied  per  acre.            with   no          results.* 

acre.  fertilizer. 


Si'cad  of  fer  V'Zrf-. 


U  —  3 


Average  of. 

5  plots. 
One  plot.  .. 
One  plot . . . 
One  plot... 

One  plot. .. 

One  plot. . .   , 

Average  of 

4  plot-. 
Average  of. 

4  plot-. 
Average  of. 

4  plots . 
Average  of 

4  plots. 
Average  of 

3  plots.' 
Average  of 

2  plot-. 
One  plot. .. 
One  plot... 


Xothing 


LI  s.     Lbs. 


Lbm  Lu* A 
39.6 


Dried  blood  

Dissolved  bone 

Muriate  of  potash  

(  Dried  blood } 

~t  Dissolved  bone S 

Dried  blood ,. . .     ? 

Muriate  of  potash  ....*....  j 

(  Dissolved  bone i 

(  Muriate  <f  potash,  ]N    > 

(  Mineral  fertilizers  &  small-  ( 
(  est  anmunt  of  nitrogen  ..  ) 
C  Mineral  fertilizers  and  me-  ? 
'(  dium  amount  of  nitrogen.  ) 
^  Mineral  fertilizers  and  farg-  '( 
\  est  amount  of  nitrogen.  5 
1  aid  manure.  r .". 


32 


24 
« 

72 

79 


48 
48 

45 

48 

48 

48 
34 


.  -  -  -  38.  7 

43.2 

100  40. 

44.2 

100  38 

101  51.8 
100  56. 3 
100  52  3 

100  53. 9 

824  47.1 


Plaster 


Lime  (caustic)     .. 
Ground  lime-tone . 


49 
49 


x 


L'i.    J;    s.i 

3.  83u 


3.  880  _0.  9 

4.  280  3.  6 
4.  304      o.  4 

4.  400       4.  6 

3.  328  _1.  6 

5.  040  12.  2 
5.  529  16.  7 
5.619  12.7 

5.715     14.3 

4.  522      7.  5 


09 


Lbs. 


3  2   . 
.   -  i 

5  ®  a 

> 


50    s7  50 


450 

47i 


5  25 
4  50 


-502  10  18 

1.  210  9  75 

1.  699  15  38 ; 

1.789  21  00 

1,  888    26  64 
692  **8  00 


42. 3    4. 105      2. 7        275     1  00 


4,480      9.4 

4,  656      9.  4 


650    10  00 
826    10  00 


$2  92 
1  38 

372 


9  13 

12  80 

10  84 

11  57 
5  48 

2  05 

7  30 

7  76 


+  Estimated  on  the  basis  of  32  pounds  to  tbe  bushel. 

*  The  oats  are  reckoned  at  $0.50  per  bushel,  and  tbe  straw  at  $5  per  ton. 

§  The  same  as  "•  mineral  fertilizers.  '  Wherever  the  term  "  mineral  fertilizers"  occurs,  it  means  300 
pound-  dissolved  bone  and  200  ponnds  muriate  of  potash  to  the  acre. 

||  Ln  two  sets  of  plots  the  nitrogen  was  furnished  by  dried  blood,  in  one  by  nitrate  of  soda,  and  in  one 
by  sulphate  of  ammonia. 

r  Composition  assumed  to  be  tbe  same  as  that  given  in  Wolff's  tablesfor  fresh  yard  manure.  The 
composition  assumed  is  very  nearly  like  that  of  stable  manure  as  aualyzed  at  the  Connecticut  Kxperi- 
ment  Station. 

;  The  cost  of  fertilizers  per  acre  is  not  based  upon  their  actual  cost  at  the  college,  but  upon  what  i  s 
a  lair  price  at  points  easy  of  access.     $5  per  ton  is  allowed  tor  transportation  and  handling. 

•'  Based  upon  the  cost  near  the  college,  viz..  about  one  dollar  per  ton.  Xear  cities  the  price  would 
in   $4  per  ton.  at  lea-- . 

There  are  a  few  points  that  can  lie  noted  with  profit,  even  in  the  results  of  one 
y fin's  experiment  : 

1.  The  comparative  inefficiency  of  the  commercial  fertilizers,  containing  hut  a  sin- 
gle valuable  ingredient,  as  the  dried  blood,  dissolved  bone,  or  muriate  of  potash. 

•J.  Tbe  combi nation  of  phosphoric  acid  and  potash  (mineral  fertilizers)  caused  a 
much  better  yield  than  either  alone,  and  nearly  as  great  a  yield  as  when  nitrogen 
was  added. 
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3.  Anything-  more  than  a  small  quantity  of  nitrogenous  fertilizer,  combined  with 
the  mineral  fertilizers,  failed  to  produce  an  increase  of  crop.  There  seemed  to  be  no 
difference  in  this  respect  between  the  dried  blood,  the  nitrate  of  soda,  or  the  sulphate 
of  ammonia,  used  to  furnish  the  nitrogen.  This  failure  of  nitrogeuous  fertilizers, 
whether  used  on  grain  or  corn,  to  do  any  better  with  72  pounds  of  nitrogen  to  the 
acre  than  with  °.4  pounds,  is  in  accordance  with  a  large  number  of  results  arrived  at 
in  experiments  under  the  direction  of  Prof.  W.  0.  At  water.  (Report  of  Connecticut 
•State  Board  of  Agriculture,  1880.) 

Mr.  J.  B.  Lawes,  the  noted  English  experimenter,  thinks  that  we  fail  to  see  marked 
results  follow  the  use  of  nitrogenous  fertilizers  on  grain  simply  because  there  is  such 
a  store  of  organic  nitrogen  in  the  soil  that  the  plants  receive  sufficient  supply  with- 
out the  aid  of  artificial  manures.  If  these  experiments  be  continued  through  a  series 
of  years,  supplying  the  same  plots  each  time  with  mineral  fertilizers  alone,  and  other 
plots  with  mineral  fertilizers  and  nitrogen,  the  capacity  of  the  soil  and  air  for  fur- 
nishing a  continuous  necessary  quantity  of  nitrogen  will  be  tested.  It  is  the  plan 
to  do  this  on  the  college  farms.  It  is  certain  that  the  crop  produced  by  mineral  fer- 
tilizers alone  succeeded  in  getting  uot  far  from  60  pounds  of  nitrogen  without  the  aid 
of  manure  of  any  sort.  Below  is  a  table  showing  the  amount  of  nitrogen  supplied 
by  the  fertilizers,  the  amount  taken  up  by  the  crop,  and  the  increased  amount  taken 
up  because  of  the  use  of  the  various  manures: 


-  - 

3  3 

<s  S 

-  '- 

4)   O  .-. 

:i  — 

bog 

US  ^ 

B° 

i~<-         ■ 
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+s 

-  3. 

=  go 

'3 

■-  - 

0^3 

Kind  of  fertilizers. 

~  — 

=    -* 

-  -^  1-.  ^ 

t 

Mills 

pplie 

izer.s. 

._  =  r. 

—  i. 

-  _i~ 

«   3  TZ 

efi   r.   - 

^  ^  a  a 

"Z  &  +* 

-  —  ~ 

s.  —  •— •  3 

Z' 

<y 

H 

Pounds. 

Pounds. 

Pounds. 

yothin0' 

45.8 
59.6 

Mineral  fertilizers - ' 

13.8 

Mineral  fertilizers  and  one-third  quantity  nitrogen 

24 

65.4 

19.6 

Mineral  fertilizers  and  two-tbirds  quantity  nitrogen 

48 

63.3 

17*5 

Mineral  fertilizers  and  three-thirds  quantity  nitrogen 

72 

64.7 

18.9 

Yard  manure 

72 

54 

8.2 

In  calculating  the  above  table  it  is  assumed  that  the  grain  and  straw  have  the  same 
composition  for  all  the  plots.  Probably  the  percentage  of  nitrogen  is  higher  for  those 
plots  receiving  nitrogenous  fertilizers  than  in  the  others,  but  the  difference  would  not 
be  so  large  as  to  destroy  the  value  of  the  abos'e  comparison. 

One  practical  point  involved  in  the  use  of  nitrogenous  fertilizers  is  that  of  their 
great  cost.  One  pound  of  nitrogen  costs  as  much  as  two  pounds  of  phosphoric  acid 
or  four  pounds  of  potash.  Its  presence  in  a  commercial  fertilizer  in  any  quantity  in- 
creases largely  the  cost  of  that  manure.  If  this  expense  can  be  avoided  for  the  pres- 
ent at  least,  it  will  be  a  great  saving  to  the  farmer. 

4.  The  yard  manure  failed  to  produce  as  large  a  crop  of  either  grain  or  straw  as  did 
the  mineral  fertilizers  or  the  complete  fertilizer  (mineral  fertilizers  combined  with 
nitrogenous). 

As  the  manure  was  but  little  decomposed  when  applied,  ii  is  not  strange  that  it 
failed  to  furnish  a  large  amount  of  plant  food.  It  is  generally  believed  that  the  effect 
of  yard  manure  extends  over  a  longer  period  of  time  than  that  of  commercial  ferti- 
lizers, a  large  part  of  its  benefit  being  felt  by  the  second  or  even  third  crops  after  its 
application.  The  crops  on  these  plots  tor  the  next  tew  years  will,  probably,  throw 
some  light  on  this  point. 

5.  The  plaster,  lime,  and  ground  limestone  did  not  seem  to  materially  increase  the 
crop  over  that  of  adjacent  plots  which  received  no  manure.  Neither  did  the  ground 
limestone  seem  to  possess  any  advantages  over  the  burned  lime. 
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6.  None  of  the  fertilizers  paid  for  themselves,  not  even  the  yard  manure  at  one  dol- 
lar per  load  of  two  thousand  pounds.  The  profits  resulting  from  the  use  of  the  ferti- 
lizers cannot  he  estimated  until  one  or  perhaps  two  rotations  are  past.  The  land  is 
now  in  pretty  good  condition,  and  is  capable  of  nourishing  a  fair  crop  without  the 
aid  of  manure,  but  those  plots  not  fertilized  will  undoubtedly  begin  to  show  the  effect 
of  cropping  after  several  years,  whereas  the  plots  manured  will  be  kept  up  to  a  good 
standard.     When  that  time  arrives  the  effect  of  the  fertilizers  will  be  more  marked. 

These  plots  were  manured  exactly  as  for  oats,  and  were  sown  to  wheat  in  Septem- 
ber. There  is  already  a  marked  difference  in  the  growth  of  the  wheat  on  these  various 
plots.     The  result  will  be  reported  in  due  time. 

If  space  permitted.  I  should,  be  glad  to  quote  iu  detail  the  accounts 
of  other  experiments  by  Professor  Jordan.  It  seems  necessary,  how- 
ever, to  give  only  a  general  summary. 

EXPERIMENT   WITH    CORN    ON    THE    CENTRAL   FARM,  1881. 

Conditions  of  experiment. — The  kind  of  soil,  previous  treatment,  size 
of  plots,  and  method  of  application  of  fertilizers,  were,  as  in  the  exper- 
iment on  oats  above  described.  u  only  in  the  case  of  the  plots  used  for 
the  corn  there  had  been  no  manure  of  any  kind  applied  to  the  land  for 

e  years.  The  plots  which  were  in  a  partial  clover  sod  were  plowed 
in  the  spring,  a  short  time  before  planting  the  corn.''  The  fertilizers  were 
the  same  and  applied  in  exactly  the  same  order  as  in  the  oat  experiment. 

uThe  growth  of  the  crop  was  checked  by  the  drought,  extending 
through  July,  August,  and  September.  At  no  time  during  the  season 
could  any  difference  be  seen  in  the  development  of  the  corn  on  the 
various  plots,  either  as  to  quantity  of  growth  or  in  any  other  particular." 

The  following  table  gives  a  summary  of  results,  as  was  done  in  Table 
B  with  results  of  .experiments  with  oats: 

Table  C. — Summary  of  experiment  with  corn. 


Quantities  of  val- 
uable ingredi- 
ents applied  per 
acre. 


Yield  per 

acre. 


Increase 
over  yield 
■with  do  fer- 
tilizers. 


Kind  of  fertilizer. 


fe        - 


Average  of  5  plots Nothing 

One  plot Dried  blood 

One  plot Dissolved  bone 

One  plot Muriate  of  potash 

plot Dried  blood,  dissolved  bone. 

i 'lot Dried  blood,  muriate  of  pot- 
ash. 

_    of  5  plot* Dissolved  bone,  muriate  of 

potash,  t 

f  4  plots  Mineral     fertilizers,     and 

smallest  amountnitrog<  a. 
A  ■■  i  .._•    of  4  plots Mineral  fertilizers,  and  me- 
dium amount  nitrogen. 

Average  of  4  plots Mineral      fertilizer-.      and 

_    -     •mount  niti"_ 

plots Yard  manure 

A  ■  •  rag<        2  plots  


Lbs. 


32 


32 


Lbs. 


24 

■ 


4J 


Lis.  B  x. 

33 



3.'..  2 

-  a 
■  - 


4- 

-- 

34 


100 
100 
100 

.100 

1U0 


35 
32.  9 


100 



30  ~ 

Lbs.      Bus 

2,  576 

-  - 

2.  44<i 

-  - 


-   .  12 


1.7 
2.  2 


s 
> 

— - 
30 


Lbs. 


203 

107 

-    " 

,-7 
— el 


1.5 

2.224    — 149 

.  -     —a  9 

2,208 

■    -      —US 


urn. 


ueral  fertilj 
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EXPERIMENTS  WITH   CORN,  EASTERN   EXPERIMENTAL   FARM,  1881. 

The  following  experiment,  also  reported  by  Professor  Jordan,  was 
conducted  by  Mr.  J.  Fremont  Hickman,  superintendent  Eastern  Ex- 
perimental Farm,  West  Grove,  Pa.  The  plan,  it  will  be  noticed,  is  es- 
sentially similar  to  that  of  the  nitrogen  experiments  described  above. 
(See  Table  III  in  appendix.) 

The  plots  upon  which  The  experiments  were  made  were  of  equal  size,  viz.,  one- 
twentieth  of  an  acre  each.  The  ground  was  a  sod  of  three  years'  standing,  without 
having  received  fertilizers  of  any  kind. 

Mr.  Hickman's  observations  regarding  growth  and  appearance  of  the 
corn,  and  the  temperature  and  rain-fall,  are  so  much  to  the  point  that  I 
quote  them  in  full: 

Observations. — During  the  growth  of  these  plots  careful  observations  were  taken 
every  two  weeks.  Previous  to  the  first  of  July  no  appreciable  diiference  could  be 
detected  in  their  general  appearance,  but  from  that  time  on  until  the  maturing  of  the 
crop,  some  slight  differences  were  noticeable.  No.  3,  the  plot  having  dissolved  bone 
black  alone,  was  noticed  to  have  a  more  uniform  growth  and  a  greater  average 
height  than  any  plots  near  it.  No.  5,  the  plot  having  dissolved  bone  black  and  dried 
blood  was  noted  as  being  better  in  appearance  than  any  that  preceded  it.  In  No.  8 
the  absence  of  a  fertilizer  was  very  plainly  marked.  No.  11  had  the  advantage  of  a 
more  healthy  color  than  No.  1*2,  but  the  growths  seemed  about  equal.  The  addition 
of  sulphate  of  ammonia  to  plots  18,  19,  and  20,  was  noted  as  being  apparently  without 
effect.  The  differences  above  noted  were  apparently  continued  until  the  maturing 
of  the  corn.  The  slight  differences  in  appearance  during  growth  and  in  the  final  re- 
sults I  do  not  hesitate  to  attribute  to  the  extremely  dry  weather  of  the  corn  season. 
There  follows  a  summary  of  the  temperature  and  rain-fall  for  the  season. 

Temperatures  and  rain-fall. — We  have  been  careful  to  record  the  tempera- 
tures of  the  weather  regularly  three  times  each  day.  viz.,  at  7  a.  m.,  at  2  p.  in.,  and 
9  p.  m.  Having  these  temperatures,  and  also  the  amount  of  rain-fall,  we  have  cal- 
culated the  average  temperature  of  each  mouth,  which  we  will  give  in  connection 
with  the  amount  of  rain-fall : 


Months.  £S£R     Totals 


tempera-  f  ,, 

ture. 


Inches. 

May 66.3°  3.18 

June 69.0°  5.87 

July 77. 5°  0.  56 

August 77.8°  0.70 

From  the  above  it  will  be  readily  seen  that  the  first  two  months  of  the  corn  sea- 
son— May  and  June — were  favorable  for  a  maximum  crop,  and  up  to  the  last  of  Juue 
the  appearance  of  the  corn  crop  was  very  promising.  Hut  during  the  two  following 
months — July  and  August — the  weather  being  very  warm  and  extremely  dry.  the  corn 
suffered  verv  much,  and  the  resulT         -    ilmost  an  entire  failure. 
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Table  D. — Results  of  experiments  with  corn,  Eastern  Farm. 


1 

O 
i— •* 

P. 

o 

© 

£ 

Kind  of  fertilizer. 

fertilizers 
re. 

Quantities  of  val- 
uable ingredients 
applied  per  acre. 

Yield  of  ears  of  corn 
per  plot. 

lied  corn 
-e. 

«t-c   © 

o  « 
£  n 

CC   <£ 

'■+3  P< 

'■+3 

fl 

c3 

0 

OP 

a 
© 

b£ 

O 

o 

r=r-; 

no  o 

O  cS 

.a 

TO 
« 

c 
Ph 

Cu    © 

'© 

i 

2 
3 
4 

'{ 

8 
9 

10 

11 

12 
13 

14 

15 

16 
17 

18 

19 

20 

21 
22 

Nothing 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Pounds. 

67.5 
68.5 
84.5 
58.8 

Bushels. 

18 

I 

Dried  blood 

240 
30C 
200 
240 
300 
240 
200 
300 
200 

24 

18.  3 

A.— Valuable     ingre- > 

Dissolved  bone 

48 

100 

22.  5 

dients,  singly.  ) 

Muriate  of  potash 

Dried  blood 

15  7 

B.— Valuable     ingre- 

Dissolved bone 

24 

48 

86 

22.8 

Dried  blood 

dients,  two  by  ^ 
two. 

Muriate  of  potash 

Dissolved  bone 

24 

100 

82.3 

22 

1 

Nothing 

48 

100 

74 

62.3 

60 

77.3 

67.8 

67 
65.5 

76 

79.3 

69.3 
69.8 
70 

67.8 

70.3 

70.5 
65.3 

19.6 
16.6 

C— Complete      ferti-  j 
lizer,t  nitrogen 
in  varying  pro-  <( 
portions     from  j 
dried  blood. 

Mineral  fertilizers,  *dried 

blood. 
Mineral  fertilizers, dried 

blood. 
Mineral  fertilizers,  dried 

blood. 
Mineral  ferti  liV.pirst 

240 
480 
720 

24 
48 

72 

48 

48 

48 

48 
48 

48 

48 

100 

100 

100 

100 
100 

100 

100 

16 

20.6 
18 
17.  8 

D.— Complete     ferti- 
lizer,   nitrogen 
in  varying  pro-  { 
portions    from  1 
nitrate  of  soda.  | 
I 

Mineral    fertilizers,  ni- 
trate of  soda. 

Mineral  fertilizers,  ni- 
trate of  soda. 

Mineral   fertilizers,  ni- 
trate of  soda. 

Nothing 

160 
320 
480 

24 
48 
72 

17.4 
20.4 
21.1 
18.5 

E. — Complete      ferti-  [ 
lizer,   nitrogen 
in  varying  pro-  J 
portions    from  ^ 
sulphate  of  am- 
monia. 

Mineral  fertilizers -   -- 

48 
48 

48 

48 

25 

100 
100 

100 

100 

60.4 

18.6 

Mineral  fertilizers,  sul- 
phate of  ammonia. 

Mineral  fertilizers,  sul- 
phate of  ammonia. 

Mineral  fertilizers,  sul- 
phate of  ammonia. 

Yard  manure 

120 

240 

320 

12,  000 
320 

24 
48 
72 
52.4 

18.6 
18 
18.8 
18.8 

Plaster  

17.4 

*  Same  as  plot  7.  t  Containing  all  the  valuable  ingredients. 

The  following  is  a  summary  of  the  results  as  given  in  the  previous  tables  : 

Table  E — Summary  of  Table  D. 


Kind  of  fertilizer. 


Quantities  of  valuable 
ingredients  applied 
per  acre. 
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Average  of  3  plots.. 
One  plot 


One  plot 

One  plot 

One  plot 

One  plot  

Average  of  3  plots  . . 
Average  of  3  plots . . . 

Average  of  3  plots. . . 

Average  of  3  plots. .  - 


One  plot. 
One  plot . 


Nothing 

Dried  blood 

Dissolved  bone , 

Muriate  of  potash 

Dried  blood ;  dissolved  bone     

Dried  blood  ;  muriate  of  potash 

Dissolved  bono  ;  muriate  of  potash. 


Pounds.  Pounds.  Pounds.  Bushels.  Bushels. 


24 


24 
24 


48 
'~4$ 


100 


Mineral     fertilizers 
amount  nitrogen. 

Mineral     fertilizers 
amount  nitrogen. 

Mineral      fertilizers 
amount' nitrogen. 

Yard  manure 

Plaster  


and     smallest 

and     medium 

and     Largesl 


24 


is 


48 
18 

48 

48 

25 


100 
100 
100 

100 

100 

(iO.  1 


17.7 
18.3 
22.  ."> 
15.7 

22.8 

22 

18.6 

17.;; 

19.6 

19.3 

1 8.  8 
17.4 


0.6 

4.8 

-2.  0 

5.1 

•J.:: 

0.9 

-0.4 

1.9 

1.6 

1.  1 
0.3 
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Professor  Jordan  summarizes  the  results  of  his  experiments  as  follows  : 

None  of  the  fertilizers  produced  any  material  increase  of  crop,  not  even  the  farm- 
er's old  "  stand-by."  yard  manure.  So  long  as  thi>  is  the  case,  we  cannot  discuss  the 
relative  effect  of  the  different  fertilizers,  for  done  of  them  had  any  effect.  All  the 
good  we  can  hope  to  gain  then  from  the  experiments  is.  to  discover,  if  possible,  whether 
anything  in  the  method  of  cultivation  or  the  application  of  the  fertilizers  was  the 
cause  of  their  not  producing  any  effect.  If  the  peculiar  conditions  of  tbe  season  were 
responsible  for  the  failure  of  the  various  manures  to  act,  it  is  equally  important  to 
know  what  were  the  exact  causes  operating  to  induce  such  a  result.  Below  la  a  sum- 
mary of  the  temperatures  and  rain-fall  at  the  two  farms,  the  figures  for  the  Central 
Farm  being  kindly  furnished  by  Prof.  C.  Alfred  Smith. 


Months. 


Central  farm. 


Eastern  farm. 


Average 
temperature. 


Total 
rain-fall. 


May 
Ju 


ne. 


July 

Angnst  . . . 
September 


67 
68 
79 
76 

78 


Inches. 
2.82 
6.82 
2.83 
0.86 
0.60 


Average 
temperature. 


Total 
rain-fall. 


D  F. 
66.3 
69.0 
77.5 
77.8 


Inches. 
3.18 
5.87 
0.56 
0.70 


It  is  to  be  noticed  that  the  temperatures  for  July  and  August  are  very  high,  while 
the  amount  of  rain-fall  is  very  small. 

The  extreme  dryness,  caused  by  the  great  heat  and  the  lack  of  rain-fall,  is  un- 
doubtedly the  direct  cause  of  no  increase  crop  resulting  from  the  use  of  the  fertili- 
zers. As  the  commercial  fertilizers  were  sown  broadcast,  and  as  the  yard  manure 
used  was  not  fermented,  we  should  not  expect  either  kind  of  fertilizer  to  have  much 
effect  until  after  considerable  root  development  had  taken  place,  or  until  the  more  ad- 
vanced stages  of  growth.  When  that  time  arrived  the  lack  of  soil  water  prevented 
a  growth  at  all  commensurate  with  the  supply  of  food  available  to  the  plants.  In 
other  words,  water  was  the  missing  ingredient  of  plant-food,  so  that  no  matter  how 
much  else  might  be  present  for  use  it  could  not  be  utilized.  Such  an  explanation  is; 
of  course,  of  the  most  general  nature.  Only  after  the  experiments  of  several  years 
can  one  be  offered  more  in  detail. 

In  brief,  Professor  Jordan's  experiments  of  1881  were  so  affected  by 
severe  drouth  that  none  of  the  fertilizing-  materials  brought  much  in- 
crease. But  the  experiments  are  rationally  planned,  the  questions 
studied  are  specific  and  not  numerous,  the  work  is  being  thoroughly  done, 
accurate  observations  are  made  of  the  numerous  conditions,  including 
especially  the  weather,  and  the  trials  are  to  be  continued  through  a 
series  of  years  with  crops  succeeding  one  another  in  regular  rotation. 

We  have  here  a  rational,  systematic,  and  thorough  series  of  investi- 
gations, comparable  with  each  other  and  with  similar  ones  elsewhere. 
The  outcome  cannot  fail  to  be  of  great  value. 

As  regards  the  effects  of  nitrogen  upon  the  growth  of  corn,  the  re- 
sults of  the  one  season's  experiments,  as  far  as  they  go,  accord  with 
those  elsewhere  obtained,  in  that  the  corn  gives  very  little  response  to 
nitrogen.  Indeed,  in  some  of  the  trials,  less  of  both  corn  and  stalks 
7709 4 
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was  obtained  with  the  nitrogenous  fertilizers  than  without  them.  The 
same  result  was  noticed  in  several  of  the  nitrogen  experiments  pre- 
viously described.      Appendix.  Tables  I  to  III. 

The  oats  paid  more  heed  to  the  nitrogen,  though  the  increase  was 
small,  only  four  bushels  per  acre,  with  the  smallest  ration.  24  pounds 
per  acre,  and  even  less  with  the  larger  quantities  of  nitrogen. 

EXPERIMENTS   BY  MR.  SANBORN,  OF    THE   NEW   HAMPSHIRE  AGRICUL- 
TURAL   COLLEGE. 

Mr.  J.  W.  Sanborn,  farm  superintendent  of  the  X ew  Hampshire  Agri- 
cultural College  at  Hanover,  has  been  conducting,  for  some  four  years 
past,  on  the  farm  of  that  institution,  several  series  of  field  experiments. 
in  one  of  which  the  effects  of  phosphatic.  potassie.  and  nitrogenous  fer- 
tilizers have  been  studied  in  a  method  analogous  to  that  of  the  Special 
Mtrogen  Experiments  above  detailed. 

The  experiments  were  begun  in  1878,  and  have  been  continued,  with 
the  same  fertilizers  and  crops  on  the  same  plots,  to  the  present.  The 
plots  were  each  four  rods  long  and  two  rods  wide,  and  separated  by  va- 
cant spaces.  The  crops  have  been  corn  and  potatoes.  The  plan  may 
be  seen  in  the  following  table  from  Mr.  Sanborn's  report  for  1879.  which 
includes  so  much  of  one  of  the  experiments,  that  with  corn,  as  has  a  di- 
rect bearing  upon  the  question  of  the  nitrogen  supply. 

The  soil  is  described  by  Mr.  Sanborn  as  ••  an  alluvial,  undrained, 
clayey  soil."  -not  well  adapted  to  potatoes."  and  one  on  which  ••  corn  does 
not  follow  corn  successfully."  Before  the  experiment  it  had  been  in 
grass,  and  was  in  condition  to  yield  lh  tons  of  hay  per  acre.  The  sea- 
son of  1879  was  "  cold  in  the  spring  and  backward  and  dry  during  the 
formation  and  early  development  of  the  ear."  Some  of  the  results  ob- 
tained in  1878  are  included  in  the  table  with  those  of  1879: 
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Mr.  Sanborn  comments  upon  these-  results  as  follows : 

One  of  the  most  striking  and  important  results  brought  out  by  the  table  is  the 
relation  of  the  ammonia  salts  to  the  crop,  and  its  contrast  to  results  of  last  season. 
Last  year  an  increasing  quantity  of  ammonia  salts  gave  an  increasing  crop  up  to  the 
largest  amount  used  in  plot  28  ;  and  everywhere  where  used,  on  all  plots,  both  to  corn 
and  potatoes,  in  connection  with  minerals,  gave  a  large  increase  of  crop  for  its  use, 
and  a  profit  for  use  up  to  three-fourths  formula,  or  amount  used  in  plot  29,  notwith- 
standing its  very  high  co«t.  This  season  wherever  used  it  brings  a  loss,  excepting  a 
very  slight  gain  for  one -fourth  part  as  in  plot  31  over  32,  but  not  a  profitable  gain. 
Plot  42  gives,  it  is  true,  a  little  more  than  the  average  of  the  nothing  plots,  but  not 
so  much  as  plot  40  near  to  it.  xVnd  I  may  add  here  as  a  very  interesting  fact,  ap- 
parently, that  plots  40  and  31  represent  probably  the  true  native  fertility  of  the  soil 
for  the  season  better  than  34  or  44^  ;  for  34  aud  44-^  were  fallow  for  the  season  of  1878, 
while  the  others  bore  heavy  crops  for  unmanured  land.  I  have  other  facts  that  in  a 
future  paper  I  shall  allude  to,  that  go  strongly  to  show  that  the  bare  tallow  was,  at 
least  so  far  as  this  season's  crop  is  concerned,  an  injury.  If  my  conclusions  are  right, 
the  experimental  land  is  of  rarely  uniform  fertility.  The  two  bare  fallowed  last  year 
agreeing  nearly  in  crop,  and  the  other  two  that  bore  a  crop  corresponding  very  close 
in  yield.  The  plots  rim  in  rows  of  nine,  parallel  to  each  other,  thus  the  nothing 
plots  are  well  interspersed  among  the  fertilized  plots 

But  to  return  to  the  ammonia  plots.  I  observed  that  the  stalks  were  not  so  vigor- 
ous as  those  to  minerals  alone,  or  minerals  aud  a  slight  quantity  of  ammonia  salts, 
and  were,  as  my  record  shows,  an  easy  prey  to  worms.  Why  this  result  ?  Is  it  due 
to  the  quality  of  the  ammonia'?  No  ;  because  the  minerals  alone  gave  as  good  crop 
as  could  have  been  expected  had  the  ammonia  salts  been  added  with  complete  success 
as  in  plots  41  and  54  and  32.  In  32  only  potash  salts  were  used  to  give  theoretically 
-43  bushels  of  increase  of  crop  of  corn,  yet  without  any  ammonia  38.6  bushels  of 
ncrease  was  made.  Now  the  same  plot  gave  but  6  bushels  increase  over  nothing- 
plot  last  year.  So  of  ashes  and  other  mineral  plots;  they  gave  but  little  or  no  in- 
crease both  on  corn  and  potatoes  over  nothing  plots,  while  this  year  they  give  as 
good  results  as  last  year  when  ammonia  salts  were  profitably  used.  Neither  was  it 
due  to  ammonia  salts  left  over  in  the  soil;  for  the  mineral  plots  had  no  ammonia 
salts,  and  in  case  of  those  plots  that  did  have  a  liberal  use  of  them  the  increase  of 
crop  was  so  heavy  as  to  absorb  nearly  all  of  these  salts.  Nor  is  it  due  ro  any  care- 
lessness of  mine,  or  to  a  local  influence;  for  I  pnt  out  several  experimental  sets  and 
in  different  sections*  of  the  State  and  on  diverse  soils,  and  the  results  come  to  me  the 
same.  I  would  call  particular  attention  to  this  point,  because  no  question  in  fertil- 
ization is  at  once  so  difficult  and  important  to  fathom.  Last  year,  in  round  numbers, 
812  worth  of  ammonia  salts  paid  a  profit  for  use.  This  year  they  are  worse  than 
useless,  and  are  over  one-half  of  the  cost  of  fertilization  for  an  acre  of  corn  ;  yet  had 
Uhey  not  been  used  last  season  but  little  increase  of  crop  (6  bushels)  would  have  been 
harvested.  I  can  only  say  that  I  believe  that  the  character  of  the  seasoD  has  more 
o  do  with  the  ability  of  a  plant  to  gather  its  nitrogen  from  natural  sources  than  has 
been  generally  recognized,  aud  that  at  present  science  docs  not  explain  it  fully,  nor 
can  we  at  present  combine  fertilizers  for  seasons.  We  may,  however,  accept  the 
averages  of  several  seasons  as  the  safest  mean.  It  would  appear  to  me  to  he  prudent 
for  the  time  to  use  about  one-half  of  what  has  become  to  he  known  as  lull  formula 
of  nitrogen  for  corn.  By  comparatively  recent  experiments  of  Berthelot  and  others, 
it  appears  that  the  electrical  condition  of  the  atmosphere  has  much  to  do  with,  the 
power  of  a  plant  to  gather  its  nitrogen  nourishment  from  the  natural  source,  from 
the  air,  and  that  that  condition  is  quite  variable  in  differenl  seasons  and  in  the  same 
season. 

POTASH    THE    MANURE   OF   THE    CROP. 

It  will  be  noticed,  on  comparison  of  plots,  that  the  presence  or  absence  of  potash 
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affects  the  crop  more  than  either  of  the  other  materials.  This  same  result  has  been 
noticed  here  tor  the  three  years  of  my  observation,  both  on  the  plot  work  and  in  the 
main  held.  The  fertilizers  ordinarily  put  upon  the  market  containing  no  potash 
would  thus  be  of  little  use  on  this  farm,  and  this  is  the  experience  of  my  neighbors 
up  and  down  the  river  on  land  of  the  character  of  this  farm.  I  respectfully  suggest 
that  if  they  would  use  potash  salts  with  superphosphates,  more  satisfactory  results 
would  probably  be  obtained. 

These  experiments  have  continued  through  four  seasons,  from  1878 
to  1881.  Xo  detailed  account  of  the  whole  has  as  yet  been  published. 
Mr.  Sanborn  has,  however,  kindly  favored  me  with  a  brief  summary  of 
results  of  the  four  years  in  the  following  form  : 


'o 


I  take  it  that  yon  simply  desire  a  statistical  statement  of  crop  returns  from  the 
nitrogen  plots  alone,  and  this  I  give  you  in  brief  tables. 
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The  results  of  the  use  of  ammonia  for  corn  are  a  source  of  inexplicable  astonish- 
ment to  me.  Various  reasons  have  suggested  themselves  to  me,  but  each  fail  to  ac- 
count for  the  results.  It  is  known  that  sulphate  of  ammonia  is  sometimes  in  its  pro- 
duction accompanied  with  injurious  matter  or  matters.  I  doubt  if  this  accounts  for 
the  results,  as  I  do  not  note  it  in  the  potatoes.  It  .is  noteworthy  that  the  ashes  are 
steadily  increasing  the  crop,  although  they  contain  no  nitrogen,  and  last  season  was 
unfavorable. 

I  may  say  that  on  the  plots  with  large  rations  of  nitrogen,  the  corn  starts  well, 
looks  healthy  for  awhile,  but  gradually  it  turns  to  a  sickly  color,  and  in  mauy  cases- 
dies  out  completely.  On  the  plot  with  nitrogen  alone  in  1881,  nearly  all  of  the  corn 
was  alive  in  August,  but  gradually  disappeared,  so  that  before  harvest  it  was  mostly 
gone. 

The  coming  season  I  propose  to  investigate  this  matter  of  the  injurious  effect  of  ni- 
trogen. 

Regarding  the  results  with  the  potatoes  I  have  no  comments  to  make  other  than 
that  the  unreported  plots  that  received  no  nitrogen,  when  compared  with  those  that 
have  nitrogen,  puzzled  me  for  awhile.  I  now  n'nd  it  clear  that  the  sulphuric  acid  of 
the  bone  black  and  sulphate  of  ammonia  have  affected  the  results  favorably,  aud  that 
whatever  gain  comes  from  the  use  of  either  superphosphate  or  sulphate  of  ammonia 
is  due  wholly  to  the  sulphuric  acid  they  contain. 

Mr.  Sanborn's  experiments  seem  to  me  among  the  most  interesting  I 
have  seen.  That  the  soil  should  have  proven  so  uniform,  as  shown  by 
the  agreement  of  the  results  on  the  un manured  plots,  even  when  the  plots 
were  in  checks  rather  than  in  long,  narrow  strips,  is  most  fortunate. 

That  sulphate  of  ammonia  should  so  materially  benefit  the  ccrn  the 
first  season,  injure  it  the  second,  and,  in  succeding  years,  almost  destroy 
it,  is  certainly  very  strange.  The  increase  of  the  yield  year  after  year 
with  ashes  is  likewise  remarkable.  All  these  phenomena  demand  care- 
ful and  thorough  investigation. 

It  is  perhaps  worthy  of  note  in  this  connection  that  the  experiment  of 
Colonel  Mead,  of  Vermont  (see  Appendix,  Table  I),  in  which  nitrogen 
proved  injurious  rather  than  helpful  to  the  corn  while  potash  was  so 
beneficial,  was  not  very  far  from  Hanover,  K.  H.,  where  Mr.  Sanborn's 
experiments  were  made. 

Mr.  Sanborn  informs  me  that  he  has  made  arrangements  to  bring 
his  experiments  as  nearly  as  possible  into  accord  witli  the  co-operative 
plan  followed  by  the  experimenter  whose  work  has  been  set  forth  in 
Tables  I-III,  appendix. 

In  the  language  above  quoted  and  elsewhere,  Mr.  Sanborn  strongly 
urges  the  importance  of  the  study  of  the  demands  of  soil  and  crop  by 
experiment.  In  connection  (I  believe)  with  the  New  Hampshire  board 
of  agriculture,  the  agricultural  college,  through  Mr.  Sanborn,  has  in- 
duced farmers  in  various  parts  of  the  State  to  institute  trials  with  fer- 
tilizers containing  nitrogen,  phosphoric  acid,  potash,  &c,  similar  to  the 
"  general  experiments,"  described  in  the  earlier  part  of  this  article.  The 
results,  so  far  as  published,  amply  justify  Mr.  Sanborn's  recommenda- 
tions and  conclusions. 
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experiments   at  the   university  of  tennessee  by  professor 

m'bryde. 

Prof.  J.  M.  McBryde,  ot  the  University  of  Tennessee,  at  Kuoxville, 
Las  lately  reported  a  series  of  experiments  analagous  to  those  described 
above  and  with  similar  purpose,  though  the  questions  studied  are  much 
more  numerous.* 

In  view  of  the  publicity  already  given  to  these  experiments,  and  the 
lack  of  space  here,  I  refrain  from  quoting  the  details. 

The  results  of  Professor  McBryde's  experiments,  however,  accord 
with  the  general  impression  which  makes  nitrogen  the  most  efficient  of 
the  fertilizing  elements  in  promoting  the  growth  of  wheat.  From  the 
strictly  practical  standpoint  also,  they  are  of  interest  in  illustrating 
how  the  use  of  concentrated  fertilizers  often  brings  more  of  loss  than 
gain.  Unfortunately  the  differences  in  produce  of  the  different  plots  is, 
as  Professor  McBryde  urges,  hardly  great  enough  to  exceed  the  limits 
of  error  due  to  inequalities  of  soil,  and  with  so  few  duplicate  tests 
the  results  will  hardly  warrant  generalizations  even  for  the  conditions 
in  which  the  trials  were  made. 

Such  extensive  and  painstaking  investigations  are,  nevertheless,  of 
great  value,  and  will  become  increasingly  so  as  they  are  continued  from 
year  to  year. 

GENERAL  DISCUSSION  OF  RESULTS  OF  THE  EXPERIMENTS. 

THE  FEEDING  CAPACITIES  OF  PLANTS. 

The  experiments  we  are  discussing  bring  us  face  to  face  with  one  of 
the  most  important  problems  with  which  agricultural  chemistry  has  to 
deal,  and,  at  the  same  time,  throw  some  new  light  upon  it.  I  refer  to 
what  may  perhaps  be  called  their  feeding  capacities,  their  power  of  gath- 
ering their  supplies  of  food  from  soil  and  air,  and  the  effects  of  the  dif- 
ferent ingredients  of  plant  food  upon  their  growth. 

A  vast  deal  of  experience  in  the  laboratory  and  in  the  field  bear  tes- 
timony to  the  fact,  though  we  are  still  deplorably  in  the  darky  as  to 
how  or  why  itxis  so,  that  different  plants  have  different  capacities  for 
making  use  of  the  stores  of  food  that  soil  and  air  contain.  Thus  ex- 
perience and  experiments  tell  us  that  clover  and,  perhaps,  leguminous 
plants  generally  do  somehow  or  other  succeed  in  obtaining  a  sufficient 
supply  of  nitrogen,  where  cereals,  such  as  wheat,  barley,  rye,  and  oats 
would  half  starve  for  want  of  it,  and  this  in  the  face  of  the  fact  that 
leguminous  plants  contain  a  great  deal  of  nitrogen  and  the  cereals  rel- 
atively little.  Hence  a  heavy  nitrogenous  manuring  may  be  profitable 
for  wheat  and  be  in  large  part  lost  on  clover. 


*  Experimental  work  of  the  Agricultural  Department  of  the  University  of  Tennesse- 
1881.  A  portion  of  the  same  report,  also  given  in  an  article  by  the  same  author,  en- 
titled "Chemical  Manures  on  Wheat,"  in  the  Agricultural  Review,  January,  1882, 
page  75. 
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As  long  ago  as  1850.  Dr.  Pusey  said  iu  a  report  ,kOn  the  progress  of 
agricultural  knowledge  during  the  last  eight  years,"  in  the  Journal  of 
the  Boyal  Agricultural  Society  (vol.  xi.  1850,  pp.  385-0),  "At  present 
we  can  only  say  that  the  three  leading  principles  of  manure  are:  1,  Am- 
monia ;  2,  Phosphorus ;  and.  probably  3,  Carbon:"  and  again,  "  The 
upshot  of  the  whole  is  that  practically,  as  far  as  artificial  manures  are 
concerned,  we  need  not  dwell  upon  the  mineral  ingredients,  but  must 
give  ammonia  to  wheat,  and  to  turnips  phosphorus."  Since  Dr.  Pusey's 
time  we  have  got  hold  of  very  many  new  facts,  theories  of  manuring 
have  multiplied,  and  fertilizers  for  special  crops,  based  upon  various 
theories,  have  come  into  very  general  use. 

The  little  definite  knowledge  we  have  of  the  different  feeding  capa- 
cities of  plants  comes  in  part  from  general  observation  and  in  part 
from  direct  experiment. 

The  experimental  data  have  been  contributed  by  various  investiga- 
tors, especially  by  Messrs.  Lawes  and  Gilbert,  of  England,  whose  classic- 
researches  on  the  fields  and  in  the  laboratory  at  Eothamsted  are  famil- 
iar to  all  students  of  agricultural  science. 

Xext  in  prominence,  perhaps,  in  this  field  of  discussion  .is  31.  Georges 
"Ville,  of  France,  whose  experiments,  however,  do  not  compare  in  ex- 
tent with  those  of  Messrs.  Lawes  and  Gilbert,  but  whose  theories  are 
much  more  numerous  and  definite. 

How  it  is,  by  virtue  of  what  characteristics,  organs,  or  functions  of 
different  plants  they  possess  these  different  capacities  for  gathering 
their  food  are  questions  still  to  be  solved.  Sir  John  Lawes,  in  an  article 
on  fertility,  with  which  many  of  the  readers  of  this  are  familiar,  in  dis- 
cussing the  relations  of  different  plants  to  the  nitrogen  supply,  says : 

It  is  not  to  the  difference  of  their  capacity  for  taking  nitrogen  from  the  atmosphere 
that  we  must  look  for  an  explanation  of  the  distinctive  influence,  or  function,  so  to 
speak,  of  the  crops  grown  in  a  rotation.  The  explanation  is  rather  to  be  found  in 
the  difference  in  the  character  and  length  of  life  of  the  different  plants,  in  the  charac- 
ter of  the  roots  in  regard  to  number,  range,  size,  and  to  their  aptitude  to  derive 
more  of  their  food  and  moisture  from  the  surface,  or  from  the  subsoil,  and  Anally,  in 
the  greater  capacity  of  some  for  liberating  and  assimilating  food  not  available  to 
others,  or  for  arresting  food  which  would  otnerwise  be  washed  out  of  the  soil.  i 

If  we  consider  the  well-established  characteristics  of  the  various  leguminous  crops 
grown  in  rotation,  and  the  circumstances  of  their  growth,  it  will  be  seen  that  their 
powers  of  taking  up  nitrogen  and  of  contributing  to  the  increased  growth  of  succeed- 
ing crops  are  much  in  proportion  to  the  length  of  their  lives  and  the  range  of  their 
roots.  Thus  everyone  will  admit  that  lucern,  sainfoin,  and  red  clover  will  grow 
larger  crops  without  manure,  and  will  leave  a  larger  residue  tor  the  growth  of  suc- 
ceeding crops,  than  either  white  clover  or  tares. 

Again,  if  we  follow  the  course  of  a  barley  and  of  a  red-clover  crop,  both  sown  nearly 
at  the  same  time,  it  will  be  seen  that  wheu  the  barley  has  ripened  its  seed  the  active 
growth  of  the  clover  has  scarcely  commenced,  and  the  plant  has  still  the  latter  part 
of  the  summer,  the  whole  of  the  autumn,  and  to  the  autumn  of  the  succeeding  year  to 
collect  its  food.  A  man  would  consider  himself  very  unfairly  handicapped  if  he  were 
required  to  do  as  much  work  in  four  months  as  another  was  allowed  eighteen  months 
in  which  to  perform  it.     After  the  cessation  oi  the  life  of  the  barley,  the  formation  of 
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nitric  acid  iu  tin-  soil  is  doubtless  still  active.     In  fact  direct  experiments  show  that 
tin-  autumn  drainage  removes  more  nitrates  than  that  of  other  periods  of  the  year. 

It  is  doubtless  one  of  the  economic  functions  of  the  clover  plant  r<>  aires!  and  store 
up  the  nitrogen  of  the  nitric  acid  iu  the  soil  which  would  otherwise  be  drained  away 
during  the  autumn  and  winter.  Whether  or  not  the  leguminosse  may  further  take  up 
any  of  their  nitrogen  directly  from  the  nitrogenous  organic  matter  within  the  soil 
there  is  no  direct  evidence  t<>  show,  though  then-  are  some  facts  which  might  be  held 
to  lend  probability  t<»  the  assumption. 

When  we  see  that  the  appearance  of  a  fungus,  even  on  very  poor  grass  land,  is  al- 
ways accompanied  by  a  rich  grow  rh  pf  grass,  we  conclude  that  it  has  the  property  of 
liberating  and  utilizing  nitrogenous  compounds  in  the  soil  which  the  grasses  v  >re 
unable  of  themselves  to  turn  to  account.  It  is.  at  any  rate,  not  impossible  that  the 
leguninosa-  may  likewise  derive  at  least  a  portion  of  their  nitrogen  from  the  nitro- 
genous organic  compounds  within  the  soil;  but  their  possession  of  green  leaves  ma  , 
be  taken  as  evidence  that  they  derive  the  chief  of  their  carbon  from  other  soul 
than  the  organic  carbon  of  the  soil. 

The  above  remarks  are  made  by  their  author  iu  a  discussion  of  the 
questiou  whether  plants  obtain  any  considerable  quantity  of  their 
nitrogen  from  the  air — a  question  which  he  is  inclined  to  answer  quite 
decidedly  in  the  negative.  They  seem  to  me,  however,  to  apply  very 
aptly  to  the  more  general  problem  of  the  capacities  of  plants. 

If  the  superior  faculty  of  clover,  as  compared  with  wheat,  for  accu- 
mulating nitrogen  be  due  to  its  larger  amount  of  root  surface,  and  its 
longer  period  in  which  this  gathering  is  done,  why  may  it  not  for  the 
same  reasons  be  better  able  than  wheat  to  obtain  its  phosphoric  acid, 
potash,  and  other  food  ingredients?  Indeed,  why  may  not  any  charac- 
teristic which  gives  clover  an  especial  ability  to  gather  its  nitrogen 
be  equally  efficient  as  regards  the  lime,  or  phosphoric  acid,  or  potash? 
The  point  seems  to  me  to  lie  here:  Plants  differ  in  these  respects.  Why 
they  differ,  we  may  surmise,  but  cannot  affirm.  What  we  need  to  do  is 
to  rind  out:  and  the  experimental  data  needed  are  to  be  sought  partly 
in  the  greenhouse  and  partly  in  the  field. 

THE   VILLE   THEORIES   OF   FERTILIZATION. 

Of  the  various  theories  of  fertilization  perhaps  no  others  have  at- 
tracted so  much  attention  as  those  of  Professor  Ville,  whose  experi- 
ments on  the  government  farm  at  Viucennes  during  more  than  a  quarter 
of  a  century  have  been  discussed,  and  whose  writings  are  read  the 
world  over.  The  prominence  which  the  doctrines  of  Ville  have  obtained 
iu  the  agricultural  press,  and  among  farmers  in  this  country,  coupled 
with  the  marked  discrepancy  between  them  and  the  results  of  the  large 
number  of  experiments  here  detailed,  seems  to  warrant  at  least  a  brief 
discussion  of  the  theory. 

One  of  the  essential  features  of  Ville's  doctrine  is  the  theory  of  dom- 
inant ingredients.  He  gives  "the  name  dominant  to  the  ingredient 
which,  for  a  given  crop,  plays  a  more  important  part  thau  the  others.'' 
Thus : 

Xitrogen  is  the  predominant  ingredient  for  the  cereals.  ;is  wheat,  barley,  rye,  oats, 
and  for  colza,  sugar-beet,  hemp,  &c. 
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Potash  has  an  especial  influence  upon  peas,  beans,  clover,  lucern,  flax,  potatoes,  &cv 
Pitosphorie  acid  is  especially  beneficial  for  turnips,  rutabagas,  radishes,  Indian  corn, 
sugar  cane,  &c. 

Lime  seems  to  exert  no  especial  preponderating  action  upon  any  plant,  but  is  neces- 
sary for  all. 

Of  the  numerous  ingredients  of  fertilizers  Ville  regards  the  four 
named,  nitrogen,  phosphate  of  lime  (phosphoric  acid),  potash,  and  lime? 
as  the  regulators  par  excellence  of  production,  and  the  only  ones  with 
which  agricultural  industry  need  occupy  itself.  His  formulas  for  •*  com- 
plete manures"  supply  these  four  ingredients — the  nitrogen  as  nitrate 
of  potash  (saltpeter),  nitrate  of  soda,  or  sulphate  of  ammonia:  the  jihos- 
pltoric  acid  in  the  form  of  superphosphate:  the  potash^  in  either  nitrate 
of  potash,  or  other  potash  salts,  and  the  lime  as  sulphate  of  lime  (land 
plaster).  He  says  that  "the  mixture  of  these  substances  has  the  same 
properties  as  dung."  The  "complete  chemical  manure  is  to  the  barn- 
yard manure  what  the  metal  is  to  the  ore."  *'It  is  farm-yard  manure 
divested  of  all  useless  matter." 

Tbe  practical  inference  is  that  in  preparing  a  fertilizer  for  a  given 
plant,  Ave  must  reduce  the  subordinate  ingredients  as  much  as  we  can. 
and  put  in  a  good  deal  of  the  dominant.  To  sustain  his  propositions, 
Yille  cites  a  great  many  experiments,  some  made  by  himself  in  pots  or 
in  the  fields  of  the  experimental  farm  at  Vincennes,  and  others  by 
farmers  in  France  and  elsewhere.  In  an  experiment  on  wheat,  for  in- 
stance, one  plot  received  a  " complete  manure;'"  from  another  the  lime 
(sulphate  of  lime)  was  omitted,  while  the  third  had  no  potash,  &c. 
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Bushels. 

Nothing 15.  88 

"Complete  manure" 56.  44 

"Complete  manure. "  -without  lime 53.  33 

"Complete  manure."   without  potash  40.  44 

"Complete  manure  "  -without  phosphoric  acid 34.  66 

'  'Complete  manure. '"  without  nitrogen 18. 18 

The  wheat  suffered  more  from  lack  of  nitrogen  than  from  lack  of  auy 
other  ingredient.  Again,  with  sugar-beets,  starting  with  a  complete 
fertilizer  which  supplied  360  pounds  of  superphosphate,  180  pounds  of 
nitrate  of  potash,  270  pounds  of  nitrate  of  soda,  and  3G0  pounds  of  sul- 
phate of  lime  per  acre,  when  more  lime,  potash,  or  phosphoric  acid  was 
added,  the  yield  was  not  affected,  but  when  the  nitrogen  was  increased 
the  yield  rose  with  it.  From  such  experiments  as  these,  Ville  infers 
that  nitrogen  is  the  dominant  ingredient  for  wheat  and  the  sugar-beet, 
and  consequently  he  puts  a  large  proportion  of  it  in  his  formulas  for 
these  crops.  He  insists,  furthermore,  that  the  form  of  combination  is 
important,  and  uses  sulphate  of  ammonia  for  wheat,  nitrate  of  soda  for 


FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS.  61 

sugar-beets,  aud  so  on.  For  clover,  beans,  peas.  &c,  be  recommends 
little  or  no  nitrogen,  because  the  plants  are  found  to  get  very  little  if 
any  good  from  nitrogenous  manures.  He  explains  this  by  assuming 
that  such  plants  get  all  their  nitrogen  from  the  air,  and  do  not  need  it 
in  fertilizers.  Of  the  theory  once  held  by  many  that  plants  assimilate 
tlie  free  nitrogen  of  the  air,  Ville  has  been  for  some  years  almost  the 
only  prominent  defender.  He  claims  that  clover  gathers  all  its  nitro- 
gen from  the  air;  that  barley  aud  rye  get  80  per  cent.,  wheat  50  per 
cent.,  and  sugar-beet,  60  per  cent,  from  the  air,  and  the  rest  from  the 
soil. 

Concerning  the  mineral  ingredients,  phosphoric  acid,  potash,  and  lime, 
Ville's  rule  is  to  restore  all  that  the  crops  remove,  and  a  little  more  to 
make  up  for  what  is  leached  away  by  water  in  the  soil  below,  beyond 
the  reach  of  the  roots  of  plants ;  thus  strangely  ignoring  the  resupply 
which  every  soil  keeps  up  from  the  decomposition  of  its  material. 

COMPLETE   OR   NORMAL   MANURES. 

The  formulas  for  chemical  manures  are  one  of  the  chief  features  of 
Ville's  system.  He  sums  up  his  doctrine  of  chemical  manures  as  fol- 
lows : 

No.  1.  The  complete  chemical  manure  embraces  all  the  fertilizing  principles  of 
dung,  all  of  whose  active  portion  it  contains,  and  to  which  it  is  superior  in  the  har- 
vests it  brings. 

No.  2.  For  the  action  of  each  one  of  the  four  substances  of  which  the  complete 
manure  is  composed  (viz.,  phosphoric  acid,  potash,  lime,  and  nitrogenous  material), 
the  co-operation  of  the  three  others  is  necessary. 

No.  3.  Each  one  of  the  four  terms  of  the  complete  manure  has  a  function  subordi- 
nate or  preponderant  with  respect  to  the  other  three,  according  to  the  nature  of  the 
plants.     [The  principle  of  dominants  as  above  explained.] 

No.  4.  Analysis  of  the  soil  by  culture. 

That  is,  the  testing  of  soils  by  experiments  with  different  fertilizing 
materials,  in  order  to  find  whether  any  are  supplied  in  sufficient  quan- 
tity by  the  soils,  and  inay  consequently  be  omitted  from  the  fertilizers. 
Ville  lays  great  stress  upon  these  experiments  and  gives  very  full  di- 
rections for  conducting  them. 

CHEMICAL   FERTILIZERS   SUPERIOR   TO   FARM   MANURES. 

Ville  claims  that  chemical  fertilizers  are  superior  to  farm  manures  for 
several  reasons: 

(l.)  They  bring  larger  crops.  In  proof  of  this  he  citesseveral  hundred  experiments 
made  by  agricultural  schools,  societies,  ami  private  individuals,  on  wheat,  oats,  rye, 
barley,  maize,  potatoes,  sugar-beets,  sugar-cane,  &c,  in  France,  Belgium,  Germany, 
Italy,  and  other  count  lies.  In  lifty-one  experiments  with  wheat,  in  which  chemical 
and  farm  manures  were  compared,  tin-  chemicals  brought  larger  crops  in  tbriy-.seven, 
leas  in  three,  and  the  same  in  one  case.  In  nincty-t  wo  experiments  with  sugar-beets  the 
artificial  fertilizers  brought  tin;  best  results  in  sixty-seven  cases,  the  dung  in  twenty 
cases,  and  both  the  same  in  five  cases.  In  thirty-two  experiments  with  potatoes,  the 
chemical  manures  brought  more  than  horse-manure  in  twenty-five,  less  in  six,  and 
the  same  in  one. 
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('2. )  The  chemical  fertilizers  are  cheaper.     To  substantiate  this  he  makes  extended 
comparisons  between  the  cost  iu  France  of  farm  manure  and  the  corresponding  chem- 
materials,  and  calculates  that  the  manure  is  the  dearer  by  some  6  per  cent. 

3.  I  Chemicals  are  always  at  command,  and  in  ju>t  such  kiuds  and  quantities  aj 
are  needed,  the  only  limit  being  the  amount  of  capital  to  be  invested. 

4.  The  ingredients  of  chemical  manures  are  ready  for  use  at  once,  while  in  yard- 
manure  they  are  <low]y  available. 

Chemical  manures  are  more  easily  and  cheaply  transported,  handled,  and  ap- 
plied. 

6.  Chemical  manures  can  be  divided  bo  a-  to  use  for  each  crop  its  predominant 
regulating  ingredient,  and  in  each  case  only  what  is  needed.  Thus,  in  a  rotation, 
nitrogen  can  be  used  for  wheat  or  oats,  ythosphates  for  corn  or  turnips,  and  potash 
for  clover.  Or.  if  the  soil  supplies  enough  of  any  one  ingredient  for  any  crop,  it  can 
be  omitted  from  the  fertilizer  and  its  cost  saved. 

CONTINUOUS   LSE    OF    CHEMICAL   MANURES. 

To  the  question  whether  chemical  manures  alone  can  be  depended,  on 
and  used  with  profit  year  after  year.  A  llle  replies : 

Yes.  under  two  conditions:  1st.  Give  the  land  in  fertilizers  more  phosphate  of  lime. 
more  lime,  and  more  potash  than  the  crop  takes  from  it.     2d.   Give  it  about  50  per 

cent,  of  the  nitrogen  of  the  harvest. 

Ville  says,  very  aptly: 

The  employment  of  chemical  manures  requires  especial  care.  Like  fine  weapons, 
they  show  a  full  measure  of  their  power  only  in  hands  that  understand  how  to  use 
them. 

YILLE'S   FORMULAS. 

The  following:  are  some  of  Ville's  principal  formulas.  The  amounts 
are  calculated  per  acre.  In  changing"  French  weights  into  ours  frac- 
tions are  avoided.  The  costs  are  estimated  at  rates  current  in  our 
large  markets  : 

WHEAT. 
Complete  manure  No.  I.     [Dominant,  nitrogen. ] 


JVuilizers.  Quantity.  Ingredients.  Quantity, 


Cost. 


Pounds.  Poioid-s. 

Acid  phosphate  of  ]ime 360     Phosphoric  acid 54     j  $6  3C 

Nitrate  of  potash iso  \  ^Joten'::::  ;;;;;;; ;;;;;;;        7i]  w  20 

Sulphate  of  ammonia 225     Nitrogen 23         1  2G 

Total : *1, 080    '33  SS 


'  The  author  has  made  an  omission  in  this  table,  as  "will  be  seen  from  the  additions. 
BARLEY.  EYE.  OATS    AND  GRASS. 

CotnpleU  manure  No.  1.     [Dominant,  nitrogen."] 

Oulv  one-halt  of  above  amounts. 
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BEETS.  CARROTS.  GARDEN  VEGETABLES,  ETC. 
Complete  manun   iVo.  2.     [Dominant,  nitrogen.] 


Fertilh' 


Quantity. 


Ingredients. 


Acid  phosphate  of  lime 

Nitrate  of  potash 

Nitrate  of  soda 

Sulphate  of  lime 

Total 


360  Phosphoric  acid 

-i an    5Pota8U 

J*u    (Nitrogen 

270     Nitrogen 

270    


Quantity. 

Cost, 

Pounds. 
54 
79? 
23  3 

42 

$6  so- 
le 20 

10  80 
1  08 

1, 080    H4  38 


POTATO!- 
CompleU  manun  So.  3.     [Dominant,  nitrogen.] 


1  •  uilizers.                                 Quantity. 

Ingredients.                 Quantity. 

Cost. 

/'■  >mds. 
Acid  phosphate  of  lime 360 

Pounds. 
Phosphoric  acid 54 

$6  30 

(,  Potash 

119? 
35  5 

Nitrate  of  potash 270 

t  Nitrogen 

24  30 

Sulphate  of  lime 270 

1  08 

Total POO 

31  68 

For  worn-out  soils  complete  manure  No.  2  is  preferable. 

TURNIPS.  RUTABAGAS,  SORGHUM.  SUGAR  CANE,  CORN  (MAIZE). 
Complete  manure  No.  5.     [Dominant,  phosphoric  acid.] 


Fertilizers. 


Acid  phosphate  of  lime 

Nitrate  of  potash 

Sulphate  of  lime 

Total 


Quantity. 


Ingredients. 


Pounds. 

540  Phosphoric  acid 

ncn  5  Potash 

lfeU  \  Nitrogen 

360  


Quantity. 


Pounds. 
81 
79* 
24  5 


Cost. 


$9  45 

16  20 

1  44 


1.080 27  09 


BEANS.  PEASE.  CLOVER.  ETC. 

J  n  romp  lete  m  a  n  u  re  Xo.  2.     [  I  >  <•  m  i  n  a  n  t.  pot  a  sh .  ] 


Fertilizi  is. 


Ingredients. 


Quantify.  Cost 


Acid  phosphate  of  lime 

Nitrate  of  potash 

Sulphate  of  lime 

Total 


Pounds. 

360     Phosphoric  acid 

180    f  Pota8l> 

t  Nitrogen 

360 


Pounds. 

•    54  $6  30 

™]  16  20 

1  44 


900    23  94 


This  is  "incomplete,"  in  that  parr  of  the  nitrogen  (of  No.  2)  is  omitted. 
As  Ville  assumes  that  the  above  plants  get  all  their  nitrogen  from  the 
air,  he  explains  that  the  nitrate  of  potash  is  put  in  here  for  the  sake  of 
the  potash,  and  that  the  small  amount  of  nitrogen  can  do  no  harm. 
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THE   EXPERIMENTS    OF   MESSRS.    LAWES   AND    GILBERT. 

By  far  the  most  valuable  contribution  to  our  knowledge  of  these  sub- 
jects  comes  from  the  field  experiments  of  Messrs.  Lawes  and  Gilbert. 

In  their  experiments,  wheat,  which  has  for  thirty  years  received  min- 
eral manures  aloue,  has  averaged  16J  bushels  per  acre  yearly,  against 
14  bushels  unmanured.  The  addition  of  sulphate  of  ammonia,  with  the 
same  repeated  cropping  of  the  same  land,  brought  the  average  up  to 
36  bushels  per  acre.  The  leguminous  crops  have  told  just  the  opposite 
story.  Though  they  contain  a  good  deal  more  nitrogen  than  wheat, 
they  respond  but  slightly  to  nitrogen,  and  are  greatly  aided  by  mineral 
manures.  In  an  experiment  on  the  mixed  herbage  of  grass-land,  con- 
tinued through  twenty  years,  mineral  manures  without  potash  brought 
up  the  total  crop  47  per  cent.,  aud  the  nitrogen  in  the  crop  38  pounds 
per  acre  annually  above  the  unmanured.  And  when  potash  was  added 
to  the  mineral  manures  the  crop  was  67  per  cent,  larger,  and  contained 
56  pounds  more  nitrogen  per  acre  than  the  unmanured,  the  increase  in 
nitrogen  being  in  large  measure  due  to  the  leguminous  plants,  which 
came  in  under  the  influence  of  the  potash  and  replaced  plants  of  other 
families. 

In  one  case  Messrs.  Lawes  and  Gilbert  found  that  a  soil  from  which 
a  clover  crop  had  just  been  removed  contained  more  nitrogen  than  it 
did  before  the  clover  was  put  in  :  that,  in  other  words,  the  soil  to  a  depth 
of  9  inches  at  least  was  positively  enriched  by  the  growth  and  removal 
of  a  highly  nitrogenous  (clover)  crop. 

Such  facts  help  to  explain  why  it  is  such  good  farm-practice  to  use 
mineral  fertilizers,  as  plaster,  bone,  ashes,  and  potash  salts,  for  mixed 
grasses  and  clover, -and  nitrogenous  materials,  like  guano,  sulphate  of 
ammonia,  and  nitrate  of  soda,  for  grain  crops.  They  help  us  to  under- 
stand why  clover  is  such  an  excellent  preparatory  crop  for  wheat,  and 
so  economical  generally  for  plowing  under  to  bring  up  poor  soils.  It 
gathers  and  stores  plant-food,  particularly  nitrogen,  and  thus  is  itself 
a  fertilizer. 

.  In  Messrs.  Lawes  and  Gilbert's  experiments  the  cereals  have  been 
most  helped  by  nitrogen,  next  03'  phosphates,  and  very  little  by  potash. 
The  legumes  have  responded  to  mineral  manures,  especially  potash,  and 
paid  little  heed  to  nitrogen  except  where  on  meadow  land  fchey  have, 
under  the  influence  of  nitrogenous  manuring,  gradually  run  out  and  the 
grasses  have  taken  their  place,  just  as  they  have  replaced  the  grasses 
when  mineral  manures  alone  were  used.  Turnips  have  done  best  with 
superphosphates;  and  potatoes,  I  think,  have  seemed  to  demand  potash, 
along  with  nitrogen  and  phosphates,  for  their  best  development. 

For  some  time  past  the  relation  of  the  corn-plant  to  the  nitrogen 
supply  has  been  a  much-vexed  question.  The  main  question  is  whether, 
like  other  cereals  (wheat,  barley,  oats,  grasses,  &c.),  corn  has  but  little 
power  to  gather  nitrogen  from  natural  sources   and  requires  nitroge- 
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nous  fertilizers,  or  whether,  like  the  legumes,  corn  can  gather  nitrogen 
for  itself.  In  short,  whether  corn  is,  like  wheat,  an  exhausting  crop, 
or,  like  clover,  a  renovating  crop.  Sir  John  Lawes  is,  or  at  least  has 
been,  inclined  to  class  maize  with  the  cereals,  wheat,  oats,  &c,  because 
they  belong  to  the  same  botanical  family,  but  at  the  same  time  urges 
the  need  of  experiements  to  test  the  question.  Trials  on  his  own  farm 
have  failed  because  in  the  cool  English  climate  the  corn  did  not  mature. 
In  a  letter  to  the  ]S"ew  Jersey  State  Board  of  Agriculture,*  he  says: 

It  is  of  very  great  importance  to  know  to  what  extent  Indian  corn  follows  the  same 
law  [as  the  cereals];  that  is  to  say,  on  a  soil  which  will,  tinder  a  liberal  supply  of 
potash  and  phosphoric  acid,  yield  20,  30,  or  40  bushels  of  corn,  what  increase  is  ob- 
tained by  a  liberal  supply  of  ammonia  and  nitrates. 

In  a  letter  to  Mr.  Harris,  Mr.  Lawes  discusses  this  question  in  a 
manner  which  seems  to  me  worthy  of  quotation  here,  although  it  has 
appeared  in  print  before.f  I  select  the  paragraphs  bearing  especially 
upon  the  topic  in  questiou  : 

There  seems  to  be  some  doubt  in  the  minds  of  yourself  and  farmers  generally  in 
the  United  States  with  regard  to  this  important  crop,  maize  or  Indian  corn.  You  are 
divided  in  your  opinion  whether  it  should  rank  as  a  cereal  or  a  legumiuous  crop.  I 
do  not,  of  course,  mean  that  you  question  its  botanical  position,  but  you  say,  uIn  its 
capacity  to  obtain  manure  from  the  soil,  it  resembles  a  leguminous  rather  than  a 
cereal  crop."  Your  argument  is  this:  Take  a  field  in  equal  condition,  divide  it  into 
two  portions,  sow  maize  on  one-half  and  wheat  on  the  other,  and  you  will  obtain  say 
30  bushels  per  acre  of  maize  and  15  of  wheat. 

The  average  yield  of  maize  in  the  States  for  ten  years  is  26  bushels  per  acre ;  of 
wheat,  12  bushels.  This  shows  rather  more  than  twice  as  much  maize  as  wheat,  and 
as  maize  generally  precedes  wheat  in  ordinary  farming,  and  consequently  has  some 
advantage  in  regard  to  the  condition  of  the  land,  we  may  accept  your  figures,  and 
say  that  with  equal  condition  of  soil  the  produce  of  maize  will  be  double  that  of 
wheat.     How  is  this  to  be  explained  ? 

As  an  unfavorable  climate  has  prevented  me  from  experimenting  in  maize,  the  re- 
marks I  am  about  to  make  must  be  accepted  as  suggestions  to  elicit  thought  in  others, 
rather  than  as  opinions  of  my  own,  upon  which  too  much  confidence  should  not  be 
placed.  Maize  belongs  to  the  great  family  of  graminaceaj,  which  supply  the  food  of 
almost  the  whole  of  the  human  race.  Botany,  in  advance  of  chemistry,  settled  the 
natural  order ;  later  on,  chemistry,  by  showing  that  all  the  plants  in  their  natural 
order  resembled  each  other  ki  their  chemical  composition,  confirmed  the  arrangement. 
The  large  amount  of  silica  which  is  found  in  the  ash  of  the  maize  proves  that  it  has 
no  connection  with  a  leguminous  plant;  it  may  also  be  distinguished  from  the  latter 
plant  by  the  low  amount  of  nitrogen  and  large  amount  of  starch  which  its  seed  con- 
tains. 

This,  however,  does  not  explain  why  it  can  appropriate  so  much  more  food  from  the 
soil  and  atmosphere  than  the  wheat  plant.  Assuming  that  maize  and  wheat  live 
upon  the  same  soil  food,  which  I  am  quite  disposed  to  think  is  the  case,  we  must  not 
lose  sight  of  the  capacity  of  one  plant,  as  compared  with  another,  of  collecting  and 
assimilating  food.  Even  in  two  different  varieties  of  the  same  species  of  plant  this 
property  is  shown  in  a  very  distinct  manner.     *     *     * 

It  is  possible   that    maize    may,  from    its  vigorous    habits   of  growth,  possess  a 

*  Fourth  Annual  Report  of  the  New  Jersey  State  Board  of  Agriculture,  1876,  39. 
I  In  the  American  Cultivator,  and  in  part  in  the  account  of  Field  Experiments 
with  Fertilizers,  in  the  Reports  of  the  Couuecticut  Board  of  Agriculture  for  1878-80. 
7709 f) 
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greater  capacity  for  taking  up  food  from  the  soil  than  the  wheat,  but  maize  has 
other  distinctive  properties  which  require  to  be  noticed.  Compared  with  wheat,  the 
active  life  of  maize  extends  far  longer  into  summer  and  autumn.  In  the  south  of 
France,  maize  sown  in  the  beginning  of  May  is  ripe  at  the  end  of  October  ;  in  the  same 
locality  wheat  is  ripe  in  July.  The  most  active  growth  of  maize  takes  place  after  the 
wheat  has  ceased  to  collect  its  food.  During  the  summer  and  autumn  nitric  acid  is 
largely  formed  in  the  soil,  and  is  taken  up  by  both  wheat  and  maize  :  but  the  early 
ripening  of  the  wheat  stops  further  collection  by  that  plant,  while  maize  continues 
to  collect  until  late  in  the  autumn.  The  formation  of  nitric  acid  goes  on  in  the  soil 
after  the  wheat  is  removed,  but  much  of  this  is  washed  out  of  the  soil  by  the  winter 
rains.  We  see,  therefore,  that  maize,  by  its  habits  of  growth,  has  access  to  more 
nitrogen,  in  the  form  of  nitric  acid,  than  wheat. 

And  we  have,  also,  in  this  fact  an  explanation  of  the  action  of  mineral  manures- 
Superphosphate  is  said,  by  you,  to  be  a  better  manure  for  maize  than  for  wheat :  both 
require  phosphates  and  nitrogen,  but  the  maize  gets  more  nitrogen,  and,  consequently 
can  take  up  more  phosphate.  In  all  soils  exhausted  by  corn  crops,  yon  may  predict 
with  certainty  that  ammonia  or  nitric  acid  applied  as  manure  will  increase  a  wheat 
crop,  there  being  a  large  balance  of  mineral  food  which  cannot  be  taken  up  by  the 
wheat  in  the  absence  of  nitrogen. 

One  other  point  may  be  noticed.  Maize  contains  a  smaller  amount  of  nitrogen  than 
wheat ;  I  have  seen  analyses  which  only  showed  one-half  as  much  ;  probably  one- 
fourth  less  would  be  nearer  the  average.  Taking  all  these  matters  into  consideration; 
if  wheat  and  maize  were  grown  continuously  for  experiment.  I  should  expect  that 
maize,  if  manured  with  manure  such  as  wood  ashes  and  superphosphate,  would  give 
a  larger  produce  than  wheat.  But  to  produce  full  crops,  both  would  require,  in  addi- 
tion, large  quantities  of  nitrogen  to  be  supplied  as  ammonia  or  nitric  acid. 

In  brief,  Mr.  Lawes  would  expect  that  corn,  during  its  longer  period 
of  growth,  would,  with  the  aid  of  mineral  fertilizers,  produce  a  larger 
yield,  and,  of  course,  gather  more  nitrogen  than  a  wheat  crop  :  but  he 
is  at  the  same  time  inclined  to  class  it  with  the  cereals. 

SPECIFIC   EFFECTS    OF    THE   DIFFERENT   FERTILIZING-  MATERIALS. 

As  a  means  of  studying  the  effects  of  the  nitrogen,  phosphoric  acid, 
potash,  and  so  on,  we  have  prepared  some  tables,  which  we  have  got  in 
the  way  of  calling  "  tables  of  difference  "  :  Tables  X  and  XI  of  the  Ap- 
pendix. These  show  very  clearly  the  effect  of  each  material — nitrate  of 
soda,  superphosphate,  and  muriate  of  potash — both  when  used  alone 
and  when  mixed  with  the  others  ;  and  also  presents  in  a  very  clear  light 
the  uniformity  or  irregularity  of  the  action  of  each  one  on  the  different 
plots  of  each  experiment.  For  instance,  the  effect  of  nitrate  of  soda, 
alone  is  found  by  subtracting  the  average  yield  with  no  manure  from 
that  of  the  nitrate  of  soda  plot.  To  find  its  effect  with  superphos- 
phate, the  yield  of  the  phosphoric  acid  plot  is  subtracted  from  that 
which  had  the  mixture  of  the  two.  The  increase  with  the  complete 
fertilizer  over  that  with  the  superphosphate  and  potash  salt,  gives  the 
effect  of  the  nitrate  of  soda  again,  and  so  on.  Of  course  it  is  understood 
that  these  differences  in  a  given  case  do  not  express  exactly  the  effect 
of  the  nitrogen,  phosphoric  acid,  or  potash,  nor  even  that  of  the  ferti- 
lizer containing  them.  The  indirect  action  of  the  fertilizer  counts  for 
something,  and  the  irregularities  in  the  different  plots  often  a  good  deal 
more. 
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It  would  be  wrong  to  assume,  iu  the  case  of  superphosphate  for  in- 
stance, that  its  effect  was  due  exclusively  to  its  phosphoric  acid,  since 
it  contains  also  sulphuric  acid  and  lime,  which  at  times  may  be  very  ef- 
fective. 

It  is  to  be  noted,  also,  that  the  quantities  of  nitrogen,  phosphoric 
acid,  and  potash  are  not  the  same,  so  that  the  figures  should  be  under- 
stood as  applying  to  the  quantities  actually  used. 

It  will  be  noted  that  Table  X  contains,  also,  a  column  showing  the 
effects  of  sulphuric  acid  and  lime  together  in  plaster.  Bearing  this  con- 
sideration in  mind,  it  will,  for  our  present  purpose,  suffice  to  treat  the 
effects  of  the  several  fertilizers  as  if  they  were  due  to  their  characteris- 
tic  ingredients.  How  we  may  make  use  of  these  figures  in  studying  the 
effects  of  the  several  ingredients  may  be  illustrated  by  the  experiments 
with  corn,  as  set  forth  in  part  one  of  Table  X. 

EFFECTS   UPON   CORN. 

1.  Effect  upon  phosphoric  acid,  i.  e.,  of  superphosphate. — In  eight  experi- 
ments, Xos.  B,  3,  6,  7,  8,  14,  Bl,  and  B2,  phosphoric  acid  was  decidedly 
the  regulating  ingredient,  the  crop  responding  uniformly  to  it,  and  pay- 
ing comparatively  little  attention  to  the  others.  In  thirteen  experi- 
ments, Xos.  A,  C,  5,  11,  12,  15,  16,  18,  20,  21,  22,  23,  and  24,  the  phos- 
phoric acid,  though  not  holding  relatively  so  important  a  place,  was 
more  or  less  useful.  In  six  experiments,  Xos.  2,  4,  10,  13,  17,  and  19, 
the  phosphoric  acid  produced  little  or  no  effect,  the  average  increase 
of  the  several  plots  of  each  experiment  being  less  than  4  bushels  per 
acre. 

2.  Effect  of  potash,  i.  e.,  of  muriate  of  potash. — In  three  experiments,  Xos. 
D,  4,  and  20,  potash  was  decidedly  the  regulating  ingredient,  the  crops 
responding  uniformly  to  it,  and  paying  comparatively  little  attention 
to  the  others.  In  fifteen  experiments,  Xos.  A,  B,  6,  9,  11,  12, 13, 14, 17, 
18,  19,  21,  22,  23,  and  24,  potash,  though  not  holding  so  important  a 
place,  was  more  or  less  useful.  In  ten  experiments,  Xos.  2,  3,  5,  7,  8, 
10,  15,  16,  Al,  and  A2,  potash  produced  little  or  no  effect,  the  average 
increase  of  the  several  plots  of  each  experiment  being  less  than  4  bush- 
els per  acre. 

3.  Effect  of  nitrogen,  i.  e.,  of  nitrate  of  soda. — In  no  experiment  was 
nitrogen  the  regulating  ingredient.  In  sixteen  experiments,  Xos.  A, 
B,  2,  4,  6,  9,  11,  12,  13,  14,  15,  17,  20,  22,  23,  and  24,  nitrogen,  though 
not  holding  a  very  important  place,  was  more  or  less  useful.  In  ten 
experiments,  Xos.  3,  5,  7,  8,  10,  16,  18,  19,  and  21,  nitrogen  produced 
little  or  no  effect,  the  average  increase  of  the  several  plots  of  each  ex- 
periment being  less  than  4  bushels  per  acre. 

Going  over  the  experiments  with  corn  in  lS78-79-,80-'81,  as  set 
forth  in  Table  X,  we  may  group  the  results  with  reference  to  the  facts 
of  the  individual  ingredients  as  follows: 

1.  Phosphoric  acid. — This  may  be  taken  as  the  regulating  ingredient 
in  the  following  experiments: 
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1878.  Nos.  B,  3,  6,  7,  8,  14,  Bl,  and  B2.  1879.  Xos.  C,  3,  7, 11, 14, 17, 
18,  aud  26.  1880.  Nos.  1,  G,  4,  8,  9,  C,  13,  14,  15,  and  20.  1881.  Nos. 
C,  HT,  and  Q. 

As  more  or  less  efficient  in  — 

1878.  ]STos.  A,  D,  5,  11, 12, 15, 16, 18,  20,  21,  22,  23,  and  24.     1879.  Nos. 

4,  5,  6,  8,  9,  F,  13,  15^  20,  21,  22,  23,  and  25.     1880.  ^os.  K,  11,  12,  I,  18? 
and  19.     1881.  ^o.  O. 

As  inefficient  in  — 

1878.  Nos.  2,  4,  10,  13,  17,  and  19.     1879.  Nos.  1,  12,  16,  19,  and  E, 

1880.  Nos.  3,  5,  7,  and  H.     1881.  Nos.  P,  M,  and  L. 

2.  Potash  may  be  regarded  as  the  regulating  ingredient  in  the  fol- 
lowing experiments: 

1878.  :NTos.  D,  4,  and  20.  1879.  Xos.  6,  F,  15,  22,  and  E.  1880.  Nos. 
3,  5,  16,  and  H.     1881.  Nos.  O,  P. 

As  more  or  less  efficient  in  — 

1878.  Fos.  A,  B,  6,  9, 11, 12, 13, 14, 17, 18, 19,  21,  22,  23,  and  24.  1879. 
Nos.  7,  9,  12,  14,  21,  and  23.  1880.  Xos.  K,  9, 11,  15,  18,  and  20.  1881. 
No..  O. 

As  inefficient  in  — 

1878.  Xos.  2,  3,  5,  7,  8,  10, 15,  16,  Al,  and  A2.      1879.  Nos.  1,  C,  3,  4, 

5,  8,  11,  13,  16,  17,  18,  19,  20,  25,  and  26.     1880.  Nos.  1,  G,  4,  7,  8,  0, 12, 
I,  14,  19.     1881.  Nos.  Q,  N,  L,  M. 

3.  Nitrogen  may  be  taken  as  the  regulating  ingredient  in  the  following 
experiments: 

1878.  None.     1879.  No.  4.     1880.  No.  K.     1881.  No.  L. 
As  more  or  less  efficient  in — 

1878.  Nos.  A,  B,  2,  4,  6.  9, 11, 12, 13, 14, 15, 17,  20, 22,  23,  and  24.  1879. 
Nos.  5,  6,  9,  11, 12, 13, 14,  21,  22,  25,  and  26.     1880.  Nos.  1,  G,  I,  and  19. 

1881.  Nos.  Q,  P. 
As  inefficient  in — 

1878.  Nos.  3,  5,  7,  8,  10,  16,  18,  19,  and  21.  1879.  Nos.  1,  C,  3,  7,  8, 
F,  15,  16,  17,  18, 19,  20, 23,  and  E.  1880.  Nos.  3,  4,  5,  7,  8,  9,  C,  11,  12, 
14,  15,  16,  H,  18,  20.     1881.  Nos.  O,  N,  M,  C. 

The  above  data  for  the  effects  of  the  nitrogen,  phosphoric  acid,  and 
potash  upon  corn  may  be  tabulated  together  as  follows: 


Superphosphate. 

Muriate  of  potash. 

Nitrate  of  soda. 
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EFFECTS  UPON  POTATOES. 

1.  Phosphoric  acid. — This  may  be  taken  as  the  regulating  ingredient 
in  the  following  experiments: 

1878.  Nos.  27,  32,  33.  1879.  Nos.  27,  C,  29,  30,  35,  37.  1880.  Nos.  2] , 
22,  26.     1881.  C,  I. 

As  more  or  less  efficient  in — 

1878.  Nos.  20,  28,  29,  307  31.  1879.  Nos.  31,34.  18S0.  No.  C.  1881. 
No.  M. 

As  efficient  in — 

1878.  No.  25.     1879.  Nos.  33,  36.     1880.  Nos.  23,  25.     1881.  None. 

2.  Potash. — This  may  be  taken  as  the  regulating  ingredient  in  the 
following  experiments: 

1878.  Nos.  26,  28, 29, 30, 31.  1879.  Nos.  27, 31,31.  1880.  No.  C.  1881. 
None. 

As  more  or  less  efficient  in — 

1878.  Nos.  27,  32,  33.  1879.  No*  29,  30.  1880.  Nos.  21,  26.  1881. 
C,  1. 

As  inefficient  in — 

1878.  No.  25.  1879.  Nos.  C,33,  35,36,37.  1880.  Nos.  22,  23,  25.  1881. 
No.  M. 

Nitrogen. — This  may  be  taken  as  the  regulating  ingredient  in  the  fol- 
lowing experiments: 

1878.  No.  25.     1879.  No.  36.     1880.  No.  25.     1881.  No.  M. 

As  more  or  less  efficient  in — 

187S.  Nos.  27,  28,  29,  30,  31,  32,  33.  1879.  Nos.  27,  C,  29,  30,  31,  34, 
35.     1880.  Nos.  21,  C.     1881.  Nos.  C,  I. 

As  inefficient  in — 

1878.  No.  26.     1879.  Nos.  33,  37.     1880.  Nos.  22,  23,  26.     1881.  None. 

The  above  data  may  be  tabulated  thus: 
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EFFECTS    OF    THE 


DIFFERENT    INGREDIENTS   IN    SELECTED   EXPERI- 
MENTS. 


The  experiments  from  which  the  above  figures  have  been  taken  were 
conducted  under  all  the  varying  conditions  to  which  plants  are  sub- 
jected in  ordinary  culture.  Many  of  them  were,  of  course,  affected  by 
weather,  tillage,  physical  properties  of  the  soil,  and  other  conditions, 
in  such  ways  as  to  materially  disturb  the  normal  action  of  the  ingre- 
dients. And,  further,  the  irregularities  of  the  soil  in  many  cases  were 
such  that  generalizations  could  be  based  only  upon  averages  of  large 
numbers. 

Accordingly  my  assistant,  Mr.  Yoorhees.  has  gone  over  the  tables, 
selected  the  experiments  which  were,  according  to  the  reports,  com- 
paratively free  from  the  disturbing  influences  of  drought,  cold.  &c,  and 
whose  results  were  reasonably  uniform,  and  from  these  has  prepared 
what  we  have  called  a  selected  table  of  differences.  (Table  XI  of  the 
Appendix.) 

EFFECTS   UPON   CORN. 

The  results,  taken  from  this  table,  as  before,  may  be  stated  thus : 

1.  Phosphoric  acid  may  be  regarded  as  the  regulating  ingredient  in 
thefollowing  experiments :  Xos.  B,  3, 8, 12,  C,  7, 14,  C,  80, 11, 15, 19,  C,  81. 

As  more  or  less  efficient  in  Experiments  D,  9,  6,  F,  22,  H.  O. 
As  inefficient  in  Experiments  Nos.  4,  E,  25,  K,  L. 

2.  Potash  as  the  regulating  ingredient  in  the  following  experiments: 
Nos.  D,  4,  9,  6,  F,  22,  E,  H,  O. 

As  more  or  less  efficient  in  Experiments  Nos.  B,  12,  7, 14, 11,  15,  C,  81. 
As  inefficient  in  Experiments  Nos.  3,  8,  0,  25,  K,  C,  80,  19,  L. 

3.  Hitrogen  as  the  regulating  ingredient  in  the  following  experi- 
ments: Kos.  25,  K,  L. 

As  more  or  less  efficient  in  Experiments  Nos.  D,  4,  9, 12,  6, 14,  22, 19. 
As  inefficient  in  Experiments  Nos.  B,  3,  8.  C,  7,  F,  E,  C,  81, 11, 15,  H, 
0,  81,  O. 

The  above  figures  may  be  tabulated  as  follows: 


Superphosphate. 

Muriate  of  potash.               Nitrate  of  soda. 

Efltecta  of  the  fertilizing 
materials  upon  corn. 

.2             * 

.      :      <0 
Qt+S      1    ,—l   _ 

sal       a 
3  g  i  ®S 
P4         3 

-t-s 

a 

•-* 
« 

S 

§ 

>-< 

c3 

a 

bC+i 

a  a 

Is  ° 

§?& 

More  or  less 
efficient. 

.5          I 

*5                  '=£  -     —  -i         ■ 

a                     -  =       .    =         a 
<5                      -.i       a  ■-         Z 

•r                               J3-3          °   y            T 

£         "3        =  £       ?53       E         "3 

g       -       gf  ««• ;  |  *      |       z 

£         H       si         3           £         H 

In    twenty -four    experi- 
ments. 

12  j         7 

5 

24 

9 

~ 

8         24          3          8         13         24 

FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 


71 


EFFECTS    UPON   POTATOES. 

1.  Phosphoric  acid  may  be  taken  as  the  regulating  ingredient  in  the 
following  experiments:  Nos.  27,  33,  31,  1879,  21,  C,  1881,  and  I. 

As  more  or  less  efficient  in  Experiments  Nos.  20,  28,  29,  31,  34,  C, 
1880. 

As  inefficient  in  noue. 

2.  Potash  as  the  regulating  ingredient  in  the  following  experiments: 
Kos.  20,  28,  29,  31,  1S79,34,  0,  1880. 

As  more  or  less  efficient  in  Experiments  Nos.  27,  33,  21,  C,  1881,  I. 
As  inefficient  in  none. 

3.  Nitrogen  as  the  regulating  ingredient  in  none. 

As  more  or  less  efficient  in  Experiments  ISTos.  27,  28,  29,  31,  33,  31, 1879, 
34,  21,  C,  1880,  C,  1881,  I. 
As  inefficient  in  Xo.  20. 
Or,  tabulating  as  before,  we  have: 
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It  is  a  very  striking  fact  that  the  potatoes  should  have  responded  well 
to  the  three  ingredients  in  nearly  every  case  where  drought  or  other  un- 
toward conditions  did  not  interpose. 

This  particular  part  of  the  discussion  will  be  resumed  further  on. 
Meanwhile  we  may  devote  a  few  words  to  the  relations  of  corn  to  the 
nitrogen  supply. 


•RECAPITULATION   OF   THE   EFFECTS    OF    NITROGENOUS    FERTILIZERS 

UPON    CORN. 

Estimating  a  bushel  of  corn,  with  its  cobs  and  stalks,  to  contain  1J- 
of  nitrogen,  and  to  be  worth  80  cents,  the  effects  of  the  nitrogenous  fer- 
tilizers in  the  special  and  in  the  general  experiments  may  be  summarized 
as  follows,  remembering  that  the  superphosphate  and  potash  salt, 
u  mixed  minerals,''  supplied  the  amounts  of  phosphoric  acid  and  potash 
in  a  crop  of  not  far  from  55  to  00  bushels,  which  would  also  contain 
about  the  72  pounds  of  nitrogen. 
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Average  results  of  experiments  with  corn  in  1878,  1879,  1880,  and  1881. 
[Bushels  of  corn  and  pounds  of  nitrogen  in  crop  per  acre.] 


Corn.      Nitrogen. 


Eighteen  special  experiments. 

' '  Mixed  minerals  : '  alone 

Same  +24  pounds  nitrogen 

Same  +48  pounds  nitrogen 

Same  +72  pounds  nitrogen 

Seventy-five  general  experiments. 

"  Mixed  minerals''  alone 

Same  +24  pounds  nitrogen 


Bushels. 

Pounds. 

43.0 

60.4 

48.4 

72.7 

48.8 

73.8 

49.6 

75.6 

43.4 

57.8 

47.8 

63.7 

In  the  general  experiments  of  the  mixture  of  300  pounds  of  superphos- 
phate and  200  pounds  muriate  of  potash  brought,  on  the  average  of  fifty- 
three  experiments,  about  43 J  bushels  of  shelled  corn  per  acre.  The 
special  experiments,  however,  seem  to  me  a  fairer  test  of  what  the  fer- 
tilizers may  do,  because,  while  made  in  all  sorts  of  weather  and  on  worn- 
out  soils,  they  were  nearly  all  on  soils  and  in  latitudes  fit  for  corn,  as 
many  of  the  general  experiments  were  not.  In  these  the  mixture  of  300 
pounds  of  superphosphate  and  150  pounds  of  potash  salt,  which  can  be 
bought  for  $8.25,  brought,  on  the  average,  43  bushels  of  shelled  corn 
per  acre.  Omitting  Mr.  Xewton's  experiment  (Appendix,  Tables  I  and 
III),  the  results  of  which  are  very  exceptional,  the  average  is  44£ 
bushels. 

The  experiments  of  the  four  seasons  bear  almost  unanimous  testimony 
to  two  things :  The  corn  was  helped  but  little  by  nitrogen  in  the  fertil- 
izers ;  and  it  gathered  a  good  deal  from  natural  sources.  The  increase 
of  crop  and  of  nitrogen  in  the  crop  will  appear  more  clearly  if  we  look 
at  it  another  way  : 
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Or,  considering  the  nitrogen  as  paying  for  itself  when  the  value  of 
the  increase  of  crop  that  came  with  its  use  equaled  or  exceeded  the  cost 
of  the  nitrogen,  and  expressing  the  results  in  dollars  and  cents: 
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The  only  cases  in  which  the  largest  rations  were  profitable  were  in  the 
experiments  of  Mr.  Newton. 

The  above  calculations  of  pecuniary  loss  and  gain  of  course  apply  only 
to  those  regions  where  corn  is  dear.  But  even  at  these  rates  the  nitro- 
gen increased  the  crop  enough  to  pay  its  costs  in  only  38  trials  out  of 
213.  The  pecuniary  loss  rose  and  fell  with  the  amount  of  nitrogen  used. 
With  mineral  fertilizers  alone  the  crop  gathered,  by  the  above  estimates,, 
some  60  pounds  of  nitrogen  per  acre. 

The  important  fact,  however,  is  this :  The  corn  plant  has  in  these  trials 
shown  itself  capable  of  getting  on  and  bringing  fair  yields  with  small 
amounts  of  the  less  costly  mineral  fertilizers,  even  in  the  worn-out  soils 
of  the  Eastern  States.  With  this  help  it  has  gathered  its  nitrogen  from 
natural  sources,  and  holds  it  readily  to  be  fed  out  on  the  farm  and  re- 
turned in  the  form  of  manure  for  other  crops.  In  other  words,  the  ex- 
periments thus  far  imply  that  corn  has,  somehow  or  other,  the  power  to 
gather  a  great  deal  of  nitrogen  from  soil  or  air.  or  both;  that  in  this 
respect  it  comes  nearer  to  the  legumes  than  the  cereals;  that,  in  short, 
corn  may  be  classed  with  the  ''renovating"  crops.  If  this  is  really  so, 
and  this  can  be  settled  only  by  continued  experimenting,  then  our  great 
cereal,  instead  of  being  simply  a  consumer  of  the  fertility  of  our  soils, 
may  be  used  as  an  agent  for  their  restoration. 


i  HE    DOMINANT   FERTILIZING    [NGREDEENTS. 

The  experiments  and  the  theory  of  M.  Villi. — It  will  be  interesting  to 
note  in  how  far  the  theory  of  "dominant  ingredients"  is  borne  out  by 


74  FIELD    EXPERIMENT*    WITH    VARIOUS    FERTILIZERS. 

the  experiments.  According  to  Ville  the  "dominant"  for  corn  is  phosJ 
phoric  acid. 

The  effects  of  nitrogen,  phosphoric  acid,  and  potash  are  very  clearly 
shown  above,  in  the  discussion  of  the  "  table  of  differences."  As  there 
shown  (see  Tables  X  and  XI  of  the  Appendix  and  the  recapitulation 
above),  in  some  of  the  experiments  the  phosphoric  acid  was  a  decidedly 
regulating  ingredient,  the  corn  respond  uniformly  to  it.  and  pay  com- 
paratively little  attention  to  the  others.  In  others  the  superphosphate, 
though  not  holding  so  important  a  place,  was  more  or  less  useful.  In 
still  others  the  superphosphate  produced  little  or  no  effect,  the  average 
increase  of  the  several  plots  in  each  experiment  being  less  than  t  bush- 
els per  acre.  In  like  manner  the  potash  was  occasionally,  though  less 
often,  the  regulating  ingredient.  Often  it  had  a  considerable  effect,  but 
as  often  produced  no  marked  results.  The  nitrogen  may  be  regarded 
as  the  regulating  ingredient  in  only  a  very  few  trials,  and  of  these  nearly 
all  were  in  a  single  field,  in  which  the  experiments  of  Mr.  Xewton  were 
made. 

In  brief,  phosphoric  acid  took  the  leading  place  often,  potash  occa- 
sionally, and  nitrogen  very  rarely.  In  bad  seasous,  and  on  some  soils 
in  good  seasons,  neither  material  had  any  effect.  The  most  effective 
ingredient  depended  upon  soil  and  season. 

IS    CORN    IX    ITS    RELATIONS    TO    NITROGEN    MORE    CLOSELY   ALLIED 
TO    THE    CEREALS   OR    THE   LEOFMES  \ 

In  relation  to  this  question  I  can  do  no  better  than  repeat  what  was 
said  in  a  previous  report : 

Our  experiments  imply  that  corn  shares,  to  a  considerable  extent,  the  po^ver  of  the 
legumes  for  gathering  nitrogen  from  natural  sources.  One  thing,  however,  detracts 
from  their  decisiveness.  Most  of  the  trials  were  on  old  grass  land  which  contained 
large  quantities  of  roots  on  which  the  corn  doubtless  fed.  How  well  it  could  provide 
itself  with  nitrogen  from  nitrogen  compounds  in  the  soil  and  from  air  without  the 
roots  to  feed  upon  is  not  settled. 

The  experiments  are  numerous  aud  decisive  enough  to  warrant  the  inference  x\v.\x , 
as  corn  is  commonly  grown,  nitrogenous  fertilizers  in  any  considerable  quantity  would 
be  rarely  profitable.  They  imply  that  corn  has  somehow  or  other  the  power  t<>  gather 
a  great  deal  of  nitrogen  from  soil  or  air,  or  both:  they  imply  that  in  this  respect  it 
comes  closer  to  the  legumes  than  the  cereals — that,  iu  >hort.  corn  may  be  classed  with 
the  renovating  crops. 

THE  FEEDING  CAPACITIES  OF  POTATOES  AND  OTHER  PLANTS. 

Our  experiments  throw  some  light  upon  this  question,  as  may  be  seen 
especially  in  Tables  X  and  XII  of  the  Appendix.  Thus,  in  the  experi- 
ments of  Mr.  Bartholomew,  detailed  in  Xo.  C  of  Tables  I  and  II,  com 
and  potatoes  were  grown  side  by  side  under  precisely  similar  treat- 
ment. 

The  corn  paid  scarcely  any  attention  to  the  potash  ami  very  little  to 
the  nitrogen,  but  responded  largely  to  the  phosphoric  acid.     The  pota 
toes,  on  the  contrary,  were  helped  iu  a  very  marked  degree  by  super- 
phosphate and  potash  salt,  and  by  nitrogen  in  all  its  forms — nitrate  of 
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soda,  sulphate  of  ammonia,  dried  blood,  the  mixture  of  all  these,  and 
Peruvian  guano.  Experiments  on  adjacent  fields  have  brought  exactly 
concordant  results.  In  Mr.  Bartholomew's  four  years'  experimenting 
both  crops  have  uniformly  responded  to  phosphoric  acid;  but,  while 
corn  has  paid  little  heed  to  nitrogen  in  commercial  fertilizers  in  any 
form,  and  almost  none  to  potash,  potatoes  have  as  regularly  responded 
to  both. 

Similar  results  may  be  observed  in  the  experiments  of  Mr.  Benson  in 
Tables  VI  and  VII  of  Appendix,  and  Professor  Jordan  (Tables  I  and 
VII),  iu  which  corn  aud  potatoes  were  grown  side  by  side.  In  the  ex- 
periments of  Mr.  Pairchild.  also,  which  are  detailed  in  the  tables,  corn 
and  potatoes  have  both  responded  to  all  three  ingredients.  But  while 
the  corn  has  paid  but  little  heed  to  potash,  scarcely  any  to  nitrogen, 
the  potatoes  have  been  largely  benefited  by  both. 

If  potatoes  get  so  much  help  from  nitrogen  and  potash  in  Mr.  Bar- 
tholomew's laud,  where  corn  can  provide  itself  with  these  materials 
without  aid  from  fertilizers,  it  would  seem  fair  to  expect  them  to  re* 
spond  to  the  same  materials  in  almost  any  place  where  weather  and 
•other  circumstances  favor  their  growth.  Exactly  this  is  the  case  in 
the  experiments  in  general,  as  may  be  seen  by  reference  especially  to 
Tables  X  and  XI.  and  the  recapitulation  of  the  figures  in  the  discussion 
above. 

Iu  brief,  the  results  obtained  each  successive  season  confirm  the 
statement  made  in  a  former  report,  that — 

Taking  all  in  all,  the  potatoes  responded  to  the  superphosphate,  potash  salt,  and 
nitrogenous  fertilizers  in  almost  every  case  where  the  weather  permitted  fair  growth. 
None  of  the  other  crops  except,  perhaps,  turnips  have  shown  such  uniformly  benefi- 
cial results  from  all  the  materials. 

The  experiments  indicate  very  decidedly  that  the  potato  plant  differs  from  many 
others  in  respect  to  the  effect  of  these  fertilizing  materials  upon  its  growth,  and  imply 
that  it  has  less  capacity  than  corn  for  gathering  an  adequate  supply  of  food  from 
natural  sources.  It  seems  to  demand  a  full  and  immediately  available  supply  of 
nourishment  tor  its  successful  growth. 

Concerning  the  other  crops,  the  data  at  hand  are  too  meager  to  warrant  any  gen- 
eral conclusions.  In  general,  however,  the  experiments  accord  with  the 
common  notion  that  makes  superphosphate  almost  a  specific  for  turnips.  But  they 
imply  that  even  when  the  superphosphate  is  supplied  iu  abundance,  the  turuip  is  not 
usually  able  to  gather  enough  of  the  other  materials  for  a  full  yield  unless  they  are 
c^ose  at  hand  in  readily  available  forms. 

THE    TEACHING    OF   THE    EXPERIMENTS    REGARDING    FORMULAS    FOR 

FERTILIZERS. 

\ 'ille's  formula  for  an  acre  of  corn,  as  explained  above,  is  as  follows : 

Material..  luirredi.-n!  3  Cost  in     In  cheap- 

est  form. 


Nitrate  of  potash.  180  pounds \    Nitn.jrt-n   24  pounds 20  $4  >0 

Acid  phosphate  of  lim£\  540  pounda j    £bfos-  *"*<  bl  P°.und*-  ------  •'  ^  4o 

*       *  l  (     Potash,  (9  pounds i  00  3  56 

Sulphate  of  lime.  360  pounds 1   44  1  44 

[9  25 


Cost  in 
formula. 

$9  -JO 
9  45 
7  00 
1  44 

27  09 
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The  prices  of  the  valuable  ingredients  are  stated  both  as  M.  Ville 
recommends  and  as  they  may  be  bought  in  the  equally  good  and 
cheaper  materials,  like  nitrate  of  soda,  guano,  bone,  and  potash  salts,. 
which,  with  many  important  facts  in  agricultural  chemistry,  his  system 
curiously  ignores. 

It  is  questionable  whether  so  much  of  superphosphate  or  plaster  as 
this  formula  requires  would  be  often  profitable.  In  the  experiments 
potash  was  frequently,  and  nitrogen  in  small  quantities  occasionally, 
profitable,  but  the  idea  of  using  such  a  costly  material  as  nitrate  of 
potash  to  furnish  them  is  economically  absurd. 

As  long  as  soils  and  seasons  continue  to  differ,  then  formulas  to  fit  all 
cases  are  simply  out  of  the  question.  At  the  same  time  there  are  many 
cases  in  which  a  man  does  not  know  what  his  soil  requires,  and  can 
better  afford  to  use  a  complete  fertilizer,  and  pay  the  penalty  of  his 
ignorance  in  the  purchase  of  superfluous  materials,  than  to  run  the  risk 
of  losing  his  crop.  Formulas  are  irrational,  but  they  mark  the  first 
step  in  the  progress  toward  rational  fertilization. 

THE   EFFECTS  OF   NITROGEN    IN  DIFFERENT   FORMS  OF  COMBINATION. 

In  comparing  the  effects  of  nitrogen  in  the  forms  of  nitric  acid7 
ammonia,  and  organic  nitrogen,  I  had  expected  to  find  some  marked 
differences ;  enough,  perhaps,  at  least,  to  show  a  balance  in  favor  of  one 
or  the  other;  but  a  careful  study  of  Table  XII  of  the  appendix,  where  a 
very  considerable  number  of  comparative  trials  are  averaged  together,, 
fails  to  show  any  marked  excess  of  yield  by  either,  in  the  experiments 
with  either  corn  or  potatoes.  Those  with  the  other  crops  have  been 
too  few  to  warrant  any  generalization. 

FURTHER   SUMMARY   OF   EFFECTS   OF   INGREDIENTS  OF   FERTILIZERS- 

I  give  further  results  of  the  experiments  as  shown  by  the  tables  in 
the  appendix,  especially  the  "  tables  of  difference,"  Tables  X  and  XI 
of  the  appendix. 

1.  In  a  report  of  the  experiments  of  1878  it  was  stated  that:  The 
effects  of  the  different  materials  on  the  poorer  soils  were  generally  very 
uniform.  On  the  better  soils  they  were  more  varied.  This  fact  sup- 
ports the  view  that  the  experiments  are  generally  reliable  as  tests  of 
the  wants  of  worn-out  soils,  those  which  have  only  their  natural  strength 
to  rely  upon;  but  are  not  to  be  depended  upon  for  rich  soils,  those  that 
have  an  accumulated  store  of  plant-food  to  draw  from. 

2.  It  is  commonly  stated  that  superphosphates,  potash  salts,  and 
other  like  materials  are  more  effective  when  used  together  than  sepa- 
rately. That  complete  fertilizers  are  more  reliable  and  effective  than 
partial  fertilizers  is  very  certain.  But  if  it  is  meant  that  the  increase 
from  the  use  of  a  given  material,  as  potash  salt,  is  greater  when  it  is 
applied  with  other  fertilizers  than  when  it  is  used  alone,  the  assertion 
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is  not  supported  so  decidedly  by  these  experiments.  Still,  on  the  whole, 
the  balance  is  in  favor  of  the  use  of  mixtures.  This  has  been  especially 
true  in  the  experiments  with  potatoes.  Here  nitrate  of  soda,  super- 
phosphate, and  muriate  of  potash  have  each  been  much  more  efficient 
in  the  complete  fertilizer  than  alone  or  in  the  partial  fertilizers. 

3.  Nitrate  of  soda  was  most  effective  where  used  in  connection 
with  other  materials  on  potatoes.  Alone  on  potatoes,  and  either  alone 
or  with  other  materials  on  corn,  it  was  generally  unprofitable,  though 
in  a  few  cases  the  results  are  very  striking.  As  regards  the  other  crops, 
the  data  are  insufficient  for  generalization. 

4.  Superphosphate. — Superphosphate  has  proved  profitable  for 
€oru  usually,  and  for  potatoes  in  every  case  where  bad  weather  and 
other  untoward  circumstances  did  not  interfere.  It  has  been  most  useful 
on  the  poorer  and  medium  soils.  With  corn  on  the  rich  soils  it  has  had 
less  and  sometimes  almost  no  effect. 

5.  Plaster. — The  effect  of  the  plaster  has  been  extremely  variable; 
sometimes  quite  unpronounced,  and  sometimes  very  marked. 

6.  Muriate  of  potash  proved  profitable  with  corn  very  frequently; 
with  potatoes  in  nearly  every  case  where  not  interfered  with  by  bad 
weather  and  other  disturbing  causes.  Contrary  to  the  common  doctrine, 
potash  salts  did  not  prove  more  efficient  with  other  fertilizers  than  when 
used  alone,  though,  of  course,  the  best  results  were  obtained  when  it 
was  used  with  other  fertilizing  materials.  It  is  noticeable  that  in  cases 
of  drought,  or  where  the  fertilizers  were  applied  in  the  hill  or  drill,  both 
muriate  of  potash  and  nitrate  of  soda  were  often  injurious.  With  the 
mixture,  too,  this  was  especially  the  case. 

THE   EFFECTS   OF   FERTILIZERS   ON    THE   DIFFERENT    KINDS   OF   SOIL. 

I  think  that  the  more  carefully  the  tabular  statement  of  the  results 
are  studied  the  more  correct  will  the  following  statement,  from  one  of 
the  reports  of  experiments  above  referred  to,  appear: 

Indeed,  without  more  and  more  definite  data  than  are  given  by  these  or  any  other 
field  experiments  I  hav6  ever  known  of,  I  see  no  prospect  of  getting  at  anyjreliable 
generalizations  as  to  the  kinds  of  soils  on  which  such  fertilizers  are  or  are  not  bene- 
ficial.  The  fact  is  that  the  circumstances  of  composition,  texture,  absorptive  power, 
and  relations  to  moisture  and  heat  of  the  soils,  of  climate  and  season,  of  previous 
tillage,  manuring,  and  crops  are  so  complex  and  variable  that  no  such  empirical  ex: 
periments  as  it  is  possible  to  carry  on  in  field  culture  can  bring  full  and  definite  infor- 
mation as  to  the  ways  in  which  soils  and  fertilizers  supply  food  to  plants  or  other- 
wise affect  their  growth.  These  problems  must  be  also  studied  by  the  more  accurate 
methods  and  with  the  control  of  conditions  which  are  possible  only  in  culture  on  a 
small  scale,  in  the  greenhouse  or  garden,  and  with  the  appliances  and  help  of  the 
laboratory. 

EFFECTS  OF  THE  DIFFERENT  FERTILIZERS  UPON  THE  QUALITY  OF 

THE  CORN. 

In  an  account  of  the  experiments  in  the  report  of  Connecticut  Board 
of  Agriculture  for  1880,  some  statements  were  given  respecting  the 
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effects  of  the  different  fertilizers  upon  the  quality  of  the  corn,  and  the 
ratio  of  stalks  to  grain.  It  seemed  worth  while  to  collate  the  figures,, 
if  for  no  other  purpose  than  to  test  the  correctness  of  the  theories  often 
broached  respecting  the  effect  of  nitrogen,  phosphoric  acid,  potash,  &c.? 
upon  the  crop.  As  will  be  seen  from  the  following  extract  from  the 
report  referred  to,  no  very  definite  theory  is  borne  out  by  the  experi- 
ments. It  has  not  seemed  to  me,  therefore,  worth  while  to  carry  the 
computations  into  the  experiments  of  1881. 

The  effects  of  the  different  fertilizers  on  the  proportion  of  good  to  poor  com,  an«l 
of  corn  to  stalks,  are  worth  noting.  A  number  of  experimenters  reported  the  amounts 
of  "good"  and  ''poor"  corn.  The  percentages  of  "good"  corn,  i.e.,  the  number  of 
pounds  in  100  pounds  total  corn  as  reported  by  the  experimenters,  are : 

Number  of  pounds  of  good  corn  in  100  pounds  of  total  corn,  with  the  different  fertilizers. 
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Average  of  twelve  experiments  in  1880 . 
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Average  of  fourteen  experiments  in 

1879 ...' 
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Average  of  eight  experiments  in  1878. 

81< 

Average  of  thirtv-four  experiments  in 

1878-80 

63 

68 

76 

72 

77 

74 

76 ! 

79 

72 

68 

The  figures  accord  with  the  common  experience  that  the  largest  yield  gives  also 
the  largest  proportion  of  good  corn.  Otherwise,  no  relation  between  the  fertilizers. 
and  the  proportions  of  good  and  poor  corn  is  discoverable. 


RATIO   OF   STALKS   TO    SHELLED   CORN. 


The  weighings  of  corn  and  stalks  were  made  at  different  stages  of  dryness.  In  some 
cases  the  stalks  were  cut  above  the  ears,  in  others  close  to  the  ground.  The  results 
are  consequently  discrepant.  The  averages  are  interesting  as  showiDg  the  relative 
effects  of  the  fertilizing  materials. 
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Number  of  pounds  of  stalks  to  100  pounds  of  shelled  corn. 
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Average  of  twelve  experiments  in  1879. . 
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Average  of  ten  experiments  in  1878 
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The  proportion  of  stalks  to  shelled  corn  is  smaller  in  the  larger  crops,  and  con- 
versely the  poorer  crops  have  more  stalks  for  the  same  amount  of  corn  than  the  better 
crops.  Contrary  to  what  is  commonly  supposed,  the  nitrogenous  fertilizing  ma- 
terials do  not  seem  to  have  increased  the  amount  of  stalks  as  compared  with  corn. 

MODE   OF  APPLYING   THE   FERTILIZERS,  WHETHER  BROADCAST   OR  II* 

THE  HILL  OR  DRILL. 


The  following  is  froni  an  account  of  the  experiments  in  one  of  the 
Connecticut  reports  referred  to: 

The  testimony  of  the  experiments  is  on  the  whole  against  applying  in  the  hill  or 
drill.  The  best  results  in  the  majority  of  cases  came  where  the  fertilizers  were  sown 
broadcast.  Several  of  the  very  best  were  where  the  materials  were  scattered  over  a 
strip  a  couple  of  feet  or  so  wide  along  the  rows.  Many  of  the  worst  results  were 
where  the  fertilizers  were  put  in  the  hill  or  drill.  The  nitrate  of  soda  and-potash 
salts  thus  applied  often  injured  the  crops,  especially  in  dry  weather.  The  following 
from  the  direction^  for  the  experiments  is  not  out  of  place  here : 

"The  fertilizers  may  be  applied  broadcast,  or,  if  more  convenient,  they  may  be  put 
in  the  hill  or  drill,  provided  they  are  well  diffused  through  the  soil.  To  accomplish  this,. 
they  had  better  be  diluted  with  several  times  their  bulk  of  earth  before  using.  The 
important  points  arc.  that  they  be — 

"  1st.  Applied  evenly  over  the  plots  where  they  belong  and  not  allowed  to  get  out- 
side. 

"2d.  Well  distributed  through  the  soil. 

"  Experiments  with  concentrated  fertilize    •  often  spoiled,  just  as  crops  are  in- 

jured or  lost  through  wrong  application.  Farmers  are  apt  to  think  that  the  manure 
must  be  put  close  to  the  seed  or  the  plant  will  not  get  the  benefit  of  it.  This  is  wrong. 
It  is  not  the  just  germinated  plant  let  that  needs  the  manure,  but  the  plant,  from  the 
time  it  is  well  started  until  its  growth  is  done.  We  want,  not  only  to  give  the  crop 
a  good  start,  but  to  help  it  out  on  the  home  stretch  as  well.  The  roots  and  their 
branching  rootlets  run  out  in  all  directions  in  search  of  food,  and  the  fertilizers  ought 


so 
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to  be  where  as  many  of  the  rootlets  as  possible  can  get  at  them.  If  we  distribute  the 
fertilizers  as  well  as  we  can.  the  water  in  the  soil,  aided  by  the  chemical  and  physical 
forces  that  nature  keeps  in  operation,  will  do  the  rest.  In  illustration  of  this  remem- 
ber how  well  barn-manure  acts  when  applied  as  a  top-dressing  long  before  the  seed 
is  put  in. 

'•But  if  we  concentrate  the  fertilizers  in  one  place  fewer  roots  will  get  them,  and 
"these  mavbe  injured  by  coming  in  contact  with  them  or  with  their  concentrated 
•solutions  in  the  soil.  The  roots  will  find  their  way  to  the  manure  and  develop  more 
where  it  lies,  it  is  true,  still  we  should  not  oblige  them  to  huddle  together  in  one 
place,  but  should  rather  encourage  them  to  spread  around,  where,  with  the  increased 
•capacity  the  fertilizer  gives  them,  they  can  get  the  more  from  the  soil.  Roots  join 
with  other  natural  agents  in  rendering  inert  stores  of  plant  food  available. 

••  Al>ove  all.  do  not  let  the  fertilizers  come  too  close  to  the  seed.  A  coarse,  dilute 
material  like  yard  manure  may  do  the  plants  no  harm,  but  such  concentrated  fer- 
tilizers as  potash  salts,  dried  blood,  nitrate  of  soda,  or  high  grade  superphosphates 
an  ay  kill  them."' 

CHEMICAL   FERTILIZERS    VS.    FARM   MANURES. 

Of  course  no  fair  comparisons  can  be  made  between  the  artificial  fer- 
tilizers whose  composition  was  definite  and  constant,  and  the  farm  ma- 
nures whose  amount  and  quality  were  so  variable  and  uncertain.  It 
^eems  fair  to  presume,  however,  that  the  men  who  make  these  experi- 
ments would  apply  liberal  doses  of  good  manure  on  the  small  plots. 
The  average  yield  and  increase  from  the  farm  manures,  complete  fertil- 
izer G,  and  mixture  of  superphosphate  and  potash  salt  F,  in  the  experi- 
ments in  which  the  farm  manures  were  used,  were  as  shown  in  the  table 
giving  averages  of  results  of  experiments  of  1878  and  1881: 


Corn. 


Potatoes 
Turnips 


!  C  Produce 45.3 

'    /Increase 20.5 

(Produce 130.1 

i  Increase 58.  0 

C  Produce 374.  0 

£  Increase 129.0 


Bushels  per  acre. 


Farm 
manures. 


Complete  Mixture  or 

chemical  fer-  superphosphate 
and 
tlllzer  potash  salt. 


47.7 

22.9 

154.  6 

82.5 

50L  0 

256.  0 


41.8 

17.0 

_- 

56.8 
401.0 
156.0 


The  following  statements,  from  the  Connecticut  report  referred  to, 
are  in  place  here : 

The  yield  and  increase  of  corn,  potatoes,  and  turnips  were  much  larger  with  the 
complete  chemical  fertilizer  than  from  the  farm  manures.  The  mixture  of  superphos- 
phate and  potash  salt  excelled  the  farm  manures  with  potatoes  and  turnip>.  and  fell 
slightly  behind  them  with  corn. 

Concerning  quality  of  crop,  as  previously  stated  the  few  experimenters  who  reported 
definitely  pronounced  in  favor  of  the  chemicals,  especially  for  potatoes,  which  they 
say  are  smoother  and  less  disposed  to  rot  with  the  chemicals  than  with  the  farm  ma- 
nures. 

In  very  many  of  the  cases  where  the  weather  was  reported  especially  unfavorable 
on  account  of  excessive  cold,  wet,  or  drought,  the  chemicals  have  brought  better 
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yields  than  the  farm  manures.  Farm  manure-  have  the  advantage  over  chemical  fer- 
tilizers in  that  their  organic  matter  tends  to  improve  the  mechanical  condition  of  soils, 
counteract  drought,  and  aid  in  rendering  soil-food  available,  and  perhaps  to  facilitate 
the  assimilation  of  atmospheric  nitrogen  also.  Concentrated  fertilizers  have  the  ad- 
vantage of  supplying  the  food  in  readily  available  forms,  while  they  also  aid  in  im- 
proving the  texture  of  the  soil  and  setting  plant-food  free  in  various  ways  not  fully 
understood. 

Mr.  Lawes,  of  Rothamsted,  Bays  that  to  get  Large  crops  he  would  use  artificial  fer- 
tilizers rather  than  farm  manures.  Ville  claims  like  superiority  lor  the  chemicals, 
and  cites  averages  of  some  hundreds  of  experiments  in  proof.  Bui  1  have  al  w  ays  felt 
a  little  skeptical,  and  must  confess  that,  especially  in  view  of  the  small  quantity  of 
chemicals  used  in  these  experiments,  the  heavy  balance  in  their  favor,  even  in  had 
weather,  has  surprised  me. 

As  to  how  the  after  effects  of  the  two  classes  of  materials  will  compare  the  future 
must  decide.  I  should  expect  the  farm  manures  to  be  more  lasting.  Speaking  roughly, 
the  mixture  of  superphosphate  and  potash  salt  contains  about  as  much  of  the  mineral 
elements  of  plant-food  as  eight  or  teu  tons  of  good,  well-cured  stable  manure.  The 
complete  fertilizer  contains  also  about  one-third  or  one-fourth  as  much  nitrogen  as 
the  sanie  quantity  of  manure.  The  bulk  of  the  phosphoric  acid  and  potash  of  both 
will  stay  in  the  soil  until  removed  by  plants.  The  nitrogen  is  exposed  to  more  or  less 
rapid  loss  by  entering  into  insoluble  compounds  in  the  soil,  by  leachiug  away  beyond 
the  reach  of  plants,  and  by  escaping  as  free  nitrogen  into  the  air.  It  would  seem  fair 
to  expect  that  the  effect  of  a  dressing  of  stable  manure,  with  its  slower  action  and 
larger  proportion  of  nitrogen,  would  last  longer  thau  the  chemicals. 

PEA CTJC.IL  J PPLICA TIOXS. 

The  general  results  of  the  experiments  taken  together  may  be  summed 
up  nearly  as  follows: 

1.  It  must  be  remembered  that  the  trials  were  not  only  subject  to  all 
the  vicissitudes  of  the  weather  and  season,  heat  and  cold,  heat  and 
draught,  but  were  made  on  soils  of  all  sorts,  mostly  very  poor.  The 
directions  were  to  select  worn-out  soils,  and  often  they  were  ill-adapted 
to  the  crops  grown  upon  them;  hence  the  average  results  with  a  given 
crop  do  not  fairly  represent  what  might  be  expected  under  favorable 
conditions  and  on  soils  adapted  to  its  growth. 

2.  The  largest  yield  came  with  the  "complete"  chemical  fertilizer  (G) 
(see  "description  of  general  experiments,7'  and  Tables  IV  and  IX  of  Ap- 
pendix), which  supplies  150  pounds  of  nitrate  of  soda,  300  pounds  of 
superphosphate,  and  150  to  200  pounds  of  muriate  of  potash,  at  a  cost 
of  a  little  over  $15  per  acre. 

No.  G  has  brought  by  far  the  best  results.  It  was  generally  the  most 
profitable  of  all  with  potatoes,  and  often  so  with  corn  and  other  crops. 
This  mixture  has  not  only  brought  larger  yields  than  the  farm  manures, 
but  has  also  proved  more  certain,  in  favorable  seasons  and  in  cold,  wet, 
and  drought.  I  would  not  propose  these  proportions  for  general  use, 
however.  Less  potash  and  more  nitrogen  would  often  be  better,  espe- 
cially for  grain,  potatoes,  and  garden  vegetables.  The  object  here  was 
to  test  soils,  and  not  to  get  the  largest  possible  yields. 

3.  The  next  largest  average  yield  is  with  the  farm  manures.     Then 

7709 0 


82  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 

follows  tlie  mixture  of  superphosphate  and  muriate  of  potash  (F).    This 
latter  averaged  most  profitable  of  all  for  corn. 

I.  Xext  came  the  mixture  of  nitrate  of  soda  and  superphosphate  (_E). 
That  this,  which  contained  superphosphate  and  nitrate  of  soda,  should 
bring  a  lower  average  yield  than  the  mixture  of  superphosphate  and 
potash  salt  with  every  crop  on  which  the  number  of  trials  is  large  enough 
to  warrant  any  general  conclusions,  is  certainly  a  significant  fact.  Our 
ordinary  guanos,  ammoniated  superphosphates,  and  fish  manures  con- 
tain (like  E)  nitrogen  and  phosphoric  acid  with  a  little  or  no  potash. 
Xitrogen  is  the  costliest,  and  potash  one  of  the  cheaper,  of  the  valuable 
ingredients  of  ordinary  fertilizers.  Continued  experience  emphasizes 
the  statement  that  manufacturers  and  users  of  ammoniated  superphos- 
phate would  do  well  to  consider  the  propriety  of  either  adding  potash 
salts  or  substituting  them  for  nitrogenous  materials  in  their  fertilizers. 
Indeed.  I  see  many  are  doing  so. 

5.  The  mixture  of  nitrate  of  soda  and  potash  salt  was  the  least  efficient 
of  all. 

6.  As  to  the  efficiency  of  the  materials  separately,  the  nitrate  of  soda 
was  rarely,  the  sulphate  of  lime  frequently,  the  muriate  of  potash  very 
•often,  and  the  superphosphate  generally,  useful.  Doubtless  consider- 
able of  the  effect  of  the  superphosphate  was  due,  in  many  cases,  to  the 
sulphuric  acid  and  lime. 

7.  The  results  with  ashes  are  variable,  though,  generally  speaking, 
they  have  been  efficacious. 

8.  One  of  the  chief  defects  of  these  experiments  is  that  so  few  parallel 
trials  with  lime  have  been  made.  There  are  many  cases  in  which  a  dress- 
ing of  lime  is  the  cheapest  and  best  means  of  improving  the  land. 

ARTIFICIAL   FERTILIZERS   YS.   FARM  MANURES. 

9.  Xot  only  did  the  complete  chemical  fertilizer  bring  a  larger  aver- 
age increase  than  farm  manures  as  actually  used,  and  the  mixture  of 
superphosphate  and  potash  salt  nearly  as  large,  but  the  quality  of  the 
crop  was  generally  better  with  the  chemicals.  Potatoes  especially  were 
finer  in  quality  aud  less  disposed  to  rot  with  the  artificial  fertilizers  than 
with  the  farm  manures. 

-AS  TO  THE  EFFECT  OF  THE  FERTILIZERS  UPON  DIFFERENT  CROPS. 

10.  Potatoes  and  turnips  responded  most  profitably  to  the  complete 
fertilizer  in  nearly  every  case.  Corn,  on  the  other  hand,  was  largely 
helped  by  the  superphosphate  and  potash  salt,  but  received  but  little 
benefit  from  the  application  of  nitrogen  in  any  form. 

AS  TO  THE  FEEDING  CAPACITIES  OF  THE  CROP. 

II.  The  experiments  imply  that  corn,  somehow  or  other,  was  able  to 
gather  a  fair  supply  of  nitrogen  from  natural  sources  provided  it  had 
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enough  of  the  mineral  ingredients  at  its  disposal.  They  do  not  tell  how 
much  of  the  nitrogen  came  from  the  roots  of  preceding  crops,  how  much 
from  other  nitrogen  compounds  in  the  soil,  and  how  much  from  the  air. 
They  imply  that  the  potato  possesses  in  far  less  degree  than  corn  the 
power  of  gathering  sufficient  supply  of  either  nitrogen  or  the  other  in- 
gredients of  its  food  from  soil  and  air.  They  imply  that  turnips  are  gen- 
erally unable  to  provide  themselves  with  phosphoric  acid  from  the  soil, 
and  are  greatly  helped  by  it  in  fertilizers;  that  without  an  abundance  of 
phosphoric  acid  they  get  but  little  good  from  other  materials:  that  with 
it  they  can  gather  a  partial  supply  of  the  other  materials  of  their  food, 
but  that  for  a  full  yield  considerable  quantities  of  all  the  soil  ingredi- 
ents of  plant-food  are  needed  close  at  hand  and  in  available  forms.  Ex- 
cept on  corn  and  potatoes,  however,  the  experiments  are  still  too  few 
for  reliable  inferences. 

OTHER   CONDITIONS   AFFECTING   THE   ACTION   OF  FERTILIZERS. 

12.  The  most  profitable  material  in  a  given  case  is  that  which  is  best 
fitted  to  its  needs.     The  chief  factors  of  the  problem  are : 

First,  soil. 

Second,  climate  and  season. 

Third,  feeding  capacity  of  crop. 

Fourth,  form  of  combination  of  the  ingredients  of  the  fertilizer. 

Fitth,  the  indirect  action  of  the  fertilizer,  i.  e.,  its  effect  upon  the  tex- 
ture of  the  soil;  upon  its  power  to  absorb  and  retain  plant  food;  in 
setting  other  plant  food  free. 

Sixth,  the  composition  of  the  plant. 

Soils  vary  in  respect  to  the  plant  food  they  supply  in  available  forms. 
Phosphoric  acid  is  most  often  deficient ;  next  come  potash  and  nitro- 
gen ;  then  lime  and  sulphuric  aeid,  and  rarely  magnesia. 

But  the  infertility  of  soils  is  due  to  other  causes  perhaps  nearly  as 
often  as  to  lack  of  plant  food.  Soils  often  do  not  have  the  proper  text- 
ure— they  are  too  compact  or  too  loose;  or  they  are  too  shallow:  or 
they  lack  absorptive  power — they  cannot  retain  the  plant  food~until 
plants  use  it,  but  suffer  it  to  be  leached  away  by  drainage  water;  or 
the  moisture  supply  is  bad — they  are  too  wet  or  too  dry.  These  defects 
are  as  fatal  as  lack  of  plant  food.  Many  soils  need  amendments  first 
and  then  manure. 

Climate  and  season  counts  for  much,  often  for  everything,  in  the  action 
of  manures.  This  fact  is  certain.  Of  the  reasons  we  know,  as  yet.  but 
little. 

As  to  effects  of  the  forms  of  combination,  nitrogen  seems  to  do  better 
in  materials  that  contain  it  in  several  forms,  as  Peruvian  guano,  or  a 
mixture  of  nitrate  of  soda,  sulphate  of  ammonia,  and  dried  blood,  than 
in  either  of  the  latter  substances  singly.  The  effects  of  phosphoric  aeid 
and  potash  in  different  forms  were  tested  in  too  few  cases  to  warrant 
any  conclusions. 
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As  to  the  indirect  action  of  fertilizers  in  improving  the  texture  of  the 
soil  and  setting  its  plant  food  free,  the  experiments  have  nothing  to 
say,  but  we  know  that  it  often  makes  a  large  part  of  the  usefulness  of 
the  fertilizer. 

THE   BEST   FERTILIZERS  FOR  DIFFERENT   CROPS. 

13.  It  is  perfectly  evident,  therefore,  that  there  is  no  best  fertilizer  for 
any  crop,  and  that  formulas  to  fit  all  cases  are  out  of  the  question. 
There  are  many  cases,  however,  in  which  complete  fertilizers  are  in 
place.  There  are  also  many  in  which  the  farmer  does  not  know  what 
his  soil  and  crops  need,  and  can  better  afford  to  pay  for  some  unnecessary 
materials  in  a  complete  fertilizer  than  to  risk  the  loss  of  his  crop.  But 
for  this  demand  dealers  offer  a  supply.  Instead  of  proposing  formulas, 
I  urge  farmers  to  study  their  soils  and  circumstances  and  learn  what 
is  best  for  them  to  use. 

14.  The  common  impression  among  farmers  that  the  best  use  of  arti- 
ficial fertilizers  is  to  supplement  farm  manures  is  doubtless,  in  ordinary 
circumstances,  correct. 

15.  Leaving  variations  in  soil  and  season  out  of  account,  and  con- 
sidering the  feeding  capacity  of  the  crops,  as  shown  by  these  and  other 
experiments  and  by  general  experience,  it  is  safe  to  say  that — 

(1)  For  corn,  an  excellent  fertilizer  to  bring  large  crops  would  be  a 
mixture  of  some  material  containing  nitrogen  and  phosphoric  acid,  as 
Peruvian  guano,  or  fish  guano,  and  muriate  of  potash.  To  this  it  might 
be  profitable  to  add  some  fine-ground  bone  or  superphosphate.  In  the 
majority  of  cases,  though  not  always,  a  more  profitable  mixture  would 
probably  be  one  of  muriate  of  potash,  with  either  superphosphate  or 
fine-ground  bone,  or  both.  At  the  same  time  there  are  cases  in  which 
nitrogen  helps  the  crop  enough  to  make  it  profitable,  and  in  which 
nitrate  of  soda,  sulphate  of  ammonia,  dried  blood,  guano,  or  fish,  would 
be  in  place. 

(2)  For  potatoes,  which  respond  more  generally  than  corn  to  both 
nitrogen  and  potash,  such  of  the  above  mixtures  as  contain  considerable 
nitrogen  would  generally  be  in  order. 

AS   TO    C03OIERCIAL   FERTILIZERS   IN    GENERAL. 

10.  For  general  farming,  at  a  distance  from  the  large  markets,  the 
chief  use  of  commercial  fertilizers  should  be  to  supplement  the  manure 
of  the  farm.  The  right  way  is  to  make  the  most  and  best  manure  that 
is  practicable  upon  the  farm,  and  piece  out  with  such  commercial  fertil- 
izers as  experiments  and  experience  prove  profitable.  At  the  same  time 
There  are  many  cases,  especially  near  cities,  where  everything  depends 
upon  getting  the  largest  and  best  yield,  and  where  more  exclusive  use 
of  chemical  fertilizers  is  advisable. 
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IN  CONCLUSION. 

Taken  all  together,  the  experiments  emphasize  more  and  more  strongly, 
year  after  year,  the  conclusions  expressed  in  previous  reports  that: 

17.  Soils  vary  widely  in  their  capacities  for  supplying  crops  with  food, 
and  consequently  in  their  demand  for  fertilizers. 

IS.  Some  soils  will  give  good  returns  for  manuring;  others,  without 
previous  amendment,  by  draining,  irrigation,  tillage,  or  use  of  lime,  marl. 
&c,  will  not. 

19.  Farmers  cannot  afford  to  use  commercial  fertilizers  at  random, 
and  it  is  time  they  understood  the  reason  why. 

20.  The  right  materials  in  the  right  places  bring  large  profits.  Arti- 
ficial fertilizers,  rightly  used,  must  prove  among  the  most  potent  means 
for  the  restoration  of  our  agriculture. 

21.  The  onlv  way  to  find  what  a  soil  wants  is  to  study  it  bv  careful 
observation  and  experiments. 

PLAXS  FOE  CO-OPERATIVE  EXPEEHrESTS. 

The  report  of  proceedings  of  a  convention  held  at  the  Department  of 
Agriculture  contains  a  paper  on  the  subject  of  Co-operative  Experi- 
ments as  a  Means  of  Studying  the  Effects  of  Fertilizers  and  the  Feeding 
Capacities  of  Plants. 

With  a  special  issue  of  this  address,  published  by  the  department, 
were  given  some  suggestions  for  experiments  which  it  seems  proper  to 
reproduce  here : 

In  organizing  a  system  of  co-operative  experimenting,  the  one  great  need  is  an  official 
and  influential  center,  whence  suggestions  and  plans  for  work  may  emanate,  and  where 
reports  of  results  may  be  collated,  arranged,  and  published,  and  with  whose  wise  aid 
all  can  work  together.  By  the  espousal  of  the  enterprise  by  the  Agricultural  Depart- 
ment at  Washington,  under  its  present  very  efficient  management,  this  want  is  most 
happily  met.  And  nothiug  could  be  more  auspicious  for  snch  a  union  between  the 
department  and  the  best  experimenters  of  the  country  thau  the  discussions  and  action 
of  the  late  convention. 

PLANS   FOR   EXPERIMENTS. 

In  accordance  with  a  request  from  the  Commissioner  of  Agriculture,  I  have  under- 
taken, with  the  aid  of  several  well-known  workers  in  this  line,  to  prepare  some  plans 
for  experiments;  doing  so,  however,  with  the  feeling  that  what  is  wanted  is  not  de- 
tailed and  inelastic  schedules,  but  rather,  outlines  which  each  experimenter  can  fill 
in  as  seems  to  him  most  advisable.  Every  man  knows  his  own  circumstances,  and 
every  intelligent  worker  lias  valuable  ideas  of  his  own,  which  others  have  not.  It 
seems  to  me  that  the  most  effective  system  will  be  one  which  will  enable  each  to  de- 
velop his  own  ideas,  while  we  all  work  together  and  contribute  our  results  to  the 
common  fund. 

KIND   OF   INVESTIGATION'S   THAT   ARE   NEEDED. 

To  get  the  most  complete  results  we  need: 
I.   Field  experiments,  to  include — 

a.  The  culture  of  plants  on  plots  of  land  treated  with  different  manures,  and  careful 
weighings  and  measurements  of  produce. 

1).  Where  practicable,  chemical  and  physical  studies  of  the  soil. 
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<■.  In  many  cases,  chemical  analyses  of  the  plants. 

II.  Pot  experiments,  in  which  the  conditions  can  be  definitely  known  and  controlled, 
and  the  reeded  studies  of  soil  and  plants  he  carried  out  with  equal  or  greater  conven- 
ience and  accuracy. 

Indeed,  it  is  safe  to  say  that  there  ought  to  he  in  the  various  sections  of  the  country 
chemical  and  physical  surveys  of  the  land  in  the  behalf  of  agriculture,  as  there  have 
been  topographical  and  geological  surveys  in  the  behalf  of  other  industries  and  in- 
terests. And  in  fact  this  is  precisely  the  direction  in  which  we  are  tending  in  this 
experimental  work. 

The  subjects  proposed  at  the  Washington  convention  for  co-operative  experiments 
were: 

1.  The  supply  of  nitrogen  to  plants. 

2.  The  action  of  phosphoric  acid  in  different  forms  of  combination  and  in  different 
fertilizing  materials  upon  the  growth  of  plants. 

Practically,  so  far  as  field  experiments  are  concerned,  these  two  subjects  reduce 
themselves  to  the  study  of  the  action  of  nitrogenous  and  phosphatic  fertilizers 

The  first  thing,  then,  will  be  to  see  what  materials  are  to  be  employed. 

Since  similar  questions  regarding  potash  will  naturally  arise,  it  may  be  well  to  in- 
clude brief  suggestions  regarding  potassic  fertilizers.  Of  course  sulphuric  acid, 
lime,  and  magnesia  could  be  treated  in  like  manner  if  it  should  hereafter  become  de- 
sirable. 

QUANTITIES    OF    MATERIALS    TO    BE    USED. 

To  decide  what  quantities  of  materials  will  be  best  for  the  purpose  is  not  easy,  be- 
cause of  the  lack  of  the  very  data  for  which  the  experiments  are,  in  part,  to  be  made. 
Xeither  the  proportions  which  occur  in  any  crops,  nor  those  in  farm  manures,  could 
well  serve  as  a  standard.  Probably  the  best  plan  will  be  to  endeavor  to  select,  as  ex- 
tremes, the  smallest  and  the  largest  quantities  that  general  experience  has  brought 
into  ordinary  use,  and  arrange  intermediate  quantities  at  proper  intervals  between. 

Nitrogen. — A  dressing  of  450  pounds  of  nitrate  of  soda  per  acre  is  probably  as  large  as 
would  be  apt  to  be  used  in  this  country,  in  ordinary  practice,  on  ordinary  crops.  At 
the  same  time  it  is  no  more  than  has  been  found  profitable  in  previous  nitrogen  experi- 
ments, and  is  perhaps  as  small  as  would  be  advisable  for  the  maximum.  At  16  per 
cent,  it  would  contain  72  pounds  of  nitrogen. 

Three  hundred  pounds  of  an  ammoniated  superphosphate  with  3  per  cent.,  or  9  pounds, 
of  nitrogen,  is  not  an  unusual  dressing  per  acre.  As  little  as  200  pounds,  with  only  6 
pounds  of  nitrogen  per  acre,  is  a  common  quantity  for  cotton,  and,  indeed,  for  other 
crops,  when  applied  in  the  hill  or  drill  or  as  a  supxdement  to  other  manures.  Six 
pounds  of  nitrogen  is  a  very  small  quantity  for  an  acre  of  land.  Twelve  pounds,  which 
would  be  contained  in  75  pounds  of  nitrate  of  soda,  would  seem  to  be  little  enough. 
Still  it  will  be  well  to  provide  for  as  small  an  amount  as  is  ordinarily  used. 

In  arranging  the  rations  it  would  seem  best  to  make  the  difference  between  the 

smaller  rations  less  than  that  between  the  larger  ones.     In  the  previous  nitrogen  ex" 

periments,  three  rations,  ''one-third,'7  " two-thirds/5  and  " three-thirds, n  with  24.  48. 

and  72  pounds  of  nitrogen  per  acre,  respectively,  have  been  employed.     Prefacing 

these  by  a  "one-twelfth"  ration  of  6  pounds,  and  a  "  one-sixth"  ration  of  12  pounds,  we 

shall  have  a  series  of  five — 

Nitrogen  rations. 

a.  One-twelfth  ration  :  Xitrate  of  soda,  38  pounds,  with  6  pounds  of  nitrogen. 

b.  One-sixth  ration:  Nitrate  of  soda,  75  pounds,  with  12  pounds  nitrogen. 

c.  One-third  ration  :  Xitrate  of  soda,  150  pounds,  with  24  pounds  nitrogen. 
(/.  Two-thirds  ration:  Xitrate  of  soda,  300  pounds,  with  4?  pounds  nitrogen. 
e.  Full  ration:  Nitrate  of  soda,  450  pounds,  with  72  pounds  nitrogen. 

Of  this  list,  either  all  or  part  may  be  used.  Thus  on  soils  or  for  crops  where  smaller 
quantities  are  in  place,  a,  b,  and  c  could  be  employed.     Where   more   nitrogen   is 
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wanted,  c,  d,  and  e  would  be  better.  If,  as  is  nor  impossible,  experience  should  show 
that  the  smaller  rations  arc  too  small  to  be  useful,  it  will  be  a  very  simple  matter  to 
omit  them. 

Phosphoric  add. — One  hundred  pounds  of  a  superphopshate  with  16  per  cent.  PjOa 
is  as  little  as  would  be  often  used  on  an  acre,  while  GOO  pounds  with  96  pounds  of  P3O5 
would  be  a  large  dressing.  In  view  of  the  fact  that  general  experience  has  led  to 
the  employing  of  much  larger  quantities  of  phosphoric  acid  than  of  nitrogen,  the  pro- 
portions within  this  range  would  be  none  too  large  to  go  with  those  of  nitrogen  sug- 


gested. 


Doubtless  a  series  of  four  rations  arranged  as  below  would  suffice. 


Phosphoric  acid  rations. 


a.  One-sixth  ration:  100  pounds  superphosphate  with  1G  pounds  phosphoric  acid. 

b.  One-third  ration:  200  pounds  superphosphate  with  32  pounds  phosphoric  acid. 

c.  Two-thirds  ration :  400  pounds  superphosphate  with  64  pounds  phosphoric  acid. 

d.  Full  ration:  600  pounds  superphosphate  with  9G  pounds  phosphoric  acid. 

Potash. — Many  of  the  popular  fertilizing  mixtures  are  calculated  to  supply  very  small 
quantities  of  potash,  not  over  17  pounds  per  acre,  while  200  pounds  of  muriate  of  pot- 
ash are  often  used  for  a  dressing, 
we  shall  have — 


Takinjr  these  as  extremes  and  dividing  as  before 


Potash  rations. 


a.  One-sixth  ration:  33  pounds  muriate  of  potash  with  17  pounds  potash. 
h.  One-third  ration :  G7  pounds  muriate  of  potash  with  33  pounds  potash. 

c.  Two-thirds  ration:  133  pounds  muriate  of  potash  with  67  pounds  potash. 

d.  Full  ration:  200  pounds  muriate  of  potash  with  100  pounds  potash. 
Putting  the  above  forms  together  we  have  rations  as  follows : 
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One-sixth  ration 

100 

33 

16 
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One-third  ration 

150 
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67 
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Two-thirds  ration 

67 

Full  ration 

450 

GOO 

200 

72 

96 
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DUPLICATION  OF   TESTS. 

A  very  great,  if  not  the  greatest,  obstacle  to  the  success  of  field  experiments  is  the 
unevenness  of  soils.  The  variations  in  the  produce  of  different  plots  of  apparently 
uniform  land  under  the  same  treatment  are  often  very  surprising.  An  experiment  in 
which  duplicates  agree  as  closely  as  could  be  desired  is  the  exception  rather  than  the 
rule.  Cases  in  which  the  differences  between  plots  treated  alike  are  greater  than 
between  those  treated  differently,  are,  if  anything,  more  common. 

To  get  around  this  difficulty,  numerous  devices  are  employed.  One  is  to  test  the 
uniformity  of  the  plots  by  treating  all  alike  the  first  year,  and,  if  they  vary  materi- 
ally, to  either  a1  bempt  t<>  average  duplicates  so  as  to  make  t  he  differences  counterbal 
ance,  or  to  allow  for  the  differences  in  computing  the  final  results.  One  serious  ob 
jection  to  either  of  these  plans  is  the  uncertainty  as  fco  the  cause  of  the  variat  ion  and 
to  whether  it  will  be  constant  in  succeeding  years. 

Another  plan  consists  in  making  the  plots  long  and  narrow,  so  as  to  equalize  the 
differences.  This,  though  often  successful,  is  not  always  so.  The  ideal  method  would 
be  to  test  the  experimental  areas  by  uniform  treat  incut   for  a  series  of  years  until 
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temporary  causes  of  irregularity,  such  as  came  from  manuring,  tillage,  cropping,  Ac, 
were  eliminated,  and  to  use  for  experiment  only  such  as  prove  to  be  intrinsically 
uniform. 

Where  feasible,  this  latter  plan  is  certainly  to  be  recommended.  But  if  we  are  to 
begin  an  experiment  at  once,  doubtless  the  best  way  is  to  use  small  plots  and  dupli- 
cate the  trials  by  using  the  same  materials  on  several.  This  duplicating  will  test  the 
uniformity  and  reliability  of  the  whole  experiment,  and  give  averages  which,  when 
no  untoward  circumstances  prevent,  are  pretty  sure  to  be  fairly  satisfactory  and  are 
often  perfectly  so. 

SIZE    OF   EXPERIMENTAL   PLOTS. 

Ordinarily,  plots  of  eight  square  rods,  one-twentieth  acre,  each,  seem  as  satisfactory 
as  any.  In  most  cases,  two  plots  of  one-twentieth  would  be  preferable  to  one  of  one- 
tenth  acre.  At  least,  such  is  the  impression  left  on  my  mind  after  looking  over  the 
reports  of  several  hundred  experiments  sent  me  for  examination.  Before  this  experi- 
ence I  was  inclined  to  larger  areas,  but  I  have  been  surprised  at  the  uniformity  of 
small  plots,  when  they  are  long  and  narrow.  Some  of  the  most  satisfactory  field  ex- 
periments have  been  on  plots  of  only  four  square  rods.  It  is  very  common  to  leave 
a  number  of  plots  unmauured  to  test  the  uniformity  of  the  soil,  but  it  is  a  question 
whether  this  purpose  is  not  better  served  by  duplicating  manured  plots,  and  using 
not  more  than  two  or  three  unmanured  for  an  ordinary  experiment.  Thus,  for  the 
nitrogen  experiments,  the  most  satisfactory  plan  I  Lave  found  has  been  to  leave  one 
unmanured  plot  on  each  side  of  the  experimental  held,  and  to  frequently  duplicate 
the  ''basal  mixture"  of  superphosphate  and  potash  salt. 

SPACES   BETWEEN   THE   EXPERIMENTAL   PLOTS. 

Another  frequent  cause  of  inaccuracy  in  held  experiments  wirb  fertilizers  is  the  ex- 
tension of  the  roots  of  the  plants  of  one  plot  into  the  soil  of  the  next  one,  so  that  the 
plants  feed  upon  their  neighbors'  fertilizers.  The  roots  of  corn,  for  instance,  extend 
laterally  several  feet,  and,  unless  something  is  done  to  prevent,  the  plants  may  get  so 
much  material  that  does  not  belong  to  them  as  to  vitiate  the  results  of  the  experi- 
ments. The  yield  on  an  unmanured  plot  between  two  manured  ones  is  often  much 
larger  than  on  another  unmanured  plot  whose  plants  have  not  the  fertilizers  close  at 
hand  to  draw  upon.  The  best  plan  to  obviate  this  is  to  leave  unmanured  strips  be- 
tween the  experimental  plot  so  wide  that  the  roots  will  not  reach  across  them.  The 
difficulty  can  be  helped,  of  course,  by  plowing  between  the  plots  deep  enough  to  cut 
the  roots. 

NITROGEN  EXPERIMENTS. 

In  planning  these  experiments  we  need  to  consider  the  questions  to  be  studied,  the 
forms  and  quantities  of  nitrogen  to  be  used,  and  the  most  fitting  arrangement  for  the 
experiments.     The  following  details  naturally  suggest  themselves: 

A.— Questions  especially  needing  Study. 

I.  The  action  of  nitrogen  in  different  forms  and  amounts  upon  the  growth  of  plants 

under  varying  conditions  of  crop,  soil,  climate,  season,  Ac 

II.  The  feeding  capacities  of  different  plants  as  related  to  nitrogen,  i.  <..  their  capaci- 

ties for  providing  themselves  with  nitrogen  from  natural  sources,  and  for 
utilizing  that  furnished  iu  the  fertilizers,  in  so  far  as  these  capacities  are 
indicated  by  effects  of  the  nitrogenous  materials  upon  their  growth. 

B.— Forms  and  Amounts  of  Nitrogen  and  Nitrogenous  Fertilizers. 

I.  The  most  important  forms  of  nitrogen  are: 

1.  Nitric  acid. 

2.  Ammonia. 

3.  Organic  nitrogen. 
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II.  Among  the  kinds  of  fertilizers  containing  nitrogen  in  these  forms,  the  following 

are  important : 

1.  Nitric  acid. 

a.  Nitrate  of  soda. 

b.  Nitrate  of  potash. 

2.  Ammonia. 

(t.   Sulphate  of  ammonia. 

III.  Quantities,  as  above  named,  to  wit,  "one-twelfth,"  "one-sixth,"  "one-third," 

"two-thirds,"  and  "full  rations."  or  (J,  12.  24,  4>,  and  72  pounds  per  acre. 


Organic  nitrogen. 
<i.  Dried  blood. 

b.  Meat  scrap. 

c.  Fish  scrap  and  fish  guano. 
</.  Leather  scraps. 


detailed   PLAN'S. 


In  the  account  of  nitrogen  experiments  above  are  schedules  of  the  kinds  and  quan- 
tities of  fertilizing  materials  there  employed.  Judging  from  the  results  of  past  expe- 
rience, however,  those  schedules  would  be  improved  by  slightly  altering  the  quanti- 
ties so  as  to  make  them  conform  with  the  rations  just  named,  and  by  enlarging  the 
list  of  nitrogenous  fertilizers  to  be  tested. 

Kinds  of  Nitrogenous  Fertilizers. 

The  following  will  doubtless  be  to  the  purpose: 

1.  For  nitric  acid,  nitrate  of  soda,  96  per  cent,  purity,  with  16  per  cent,  nitrogen. 

2.  For  ammonia,  sulphate  of  ammonia,  with  21  per  cent,  nitrogen. 

3.  For  organic  uitrogen. 

a.  Dried  blood  (steam  dried),  with  11  per  cent,  nitrogen. 

b.  Meat  scrap,  azotin,  with  11  per  cent,  nitrogen. 

c.  Fish  guano,  with  8  per  cent,  nitrogen. 

d.  Leather  scraps  (finely  pulverized),  with  7  per  cent,  nitrogen. 

4.  For  nitric  acid,  ammonia,  and  organic  nitrogen  together,  "  nitrogen  mixture,"  con- 

sisting of  nitrate  of  soda,  16  per  cent,  nitrogen ;  sulphate  of  ammonia,  21 
per  cent,  nitrogen,  and  dried  blood  11  per  cent,  nitrogen  in  equal  parts,  and 
containing  16  per  cent,  nitrogen. 

Quantities  of  Nitrogenous  Fertilizers. 

We  may  plan  for  each  nitrogenous  fertilizer  a  "group"  with  rations,  as  above  sug- 
gested.    Thus  we  may  have  nitrogen  groups  with  quantities  per  acre  as  follows: 

Nitrogen  rations. 


Nitrate  of  soda 
Group 


llation. 


One-twelfth 
One-sixth. . 
One-third... 
Two-thirds. 
Full 


Nitrate  of 
soda. 


Pounds. 

38 

75 

150 

300 

450 


Sulphate  of  am- 
monia Group.. 


llation. 


Sulphate  of 
ainjnonia. 


One-twelfth 
One-sixth.. 
One-third... 
Two-thirds. 
Full 


Pounds. 


29 

57 
114 
228 
343 


llation. 


Dried 
blood. 


Dried 
Group 


15 1.OOD 


f    One-twelfth... 
( inesixth 


One-third. . 
Two-thirds 
Full 


Pounds. 
55 
110 
220 
440 
GG0 


Xi  I BOGEN 
TUKE    <ii:<  ill 


MIX-  ! 


llation. 


One-twelfth 

One-sixth. . 
One-third-. 
Two-thirds. 
Full 


Nitrogen 
mixture. 


Pounds. 

38 

7.') 

150 

300 

4;." 
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ARRANGEMENT    OF    THE   EXPERIMENTS. 

In  this  way  such  materials  as  may  be  most  desirable  can  be  selected  for  each  experi- 
ment, and  for  each  a  group  be  used  with  all  or  part  of  the  rations  suggested.  Future 
experience  must  show  what  quantities  will  be  best.  Probably,  for  ordinary  crops  in 
the  North,  the  three  largest  rations  will  be  well.  In  the  South,  for  cotton,  very  likely 
the  smaller  will  be  preferable.  At  any  rate,  this  flexibility  of  plan  allows  fair  lati- 
tude of  detail,  and  at  the  same  time  secures  the  uniformity  needed  for  the  tabulation 
and  comparison  of  different  experiments. 

In  some  cases  it  will  be  desirable  to  use  the  nitrogenous  fertilizers  alone.  In  the 
majority  of  cases,  however,  the  full  effect  of  the  nitrogen  will  not  be  manifested  unless 
some  other  materials  are  added.  Generally  speaking,  the  experiment  will  be  most 
Satisfactory  with  "complete  fertilizers,"  such  as  can  be  made  by  adding  the  nitroge- 
nous materials  to  a  mixture  of  superphosphate  and  potash  salt,  which  may  be  desig- 
nated as  " mineral  fertilizers'7  or  " mixed  minerals."  For  these,  the  two-thirds 
rations,  400  pounds  of  superphosphate  and  133  pounds  of  muriate  of  potash,  will  prob- 
ably be  adapted  to  a  larger  proportion  of  the  soils  and  crops  than  the  mixture  of  300 
pounds  of  superphosrjhate  and  150  pounds  of  muriate  of  potash,  used  in  the  former 
nitrogen  experiments.  Taking  the  basal  mixture  named,  and  adding  the  several  ra- 
tions of  nitrate  of  soda,  we  shall  have  a  "Nitrate  of  Soda  Group"  of  five  mixtures, 
each  mixture  containing  the  "  mixed  minerals'7  with  a  nitrate  of  soda  ration  as  below : 

Nitrate  of  Soda  Group: 

Mixed  minerals  with  nitrate  of  soda,  one-twelfth  ration. 
Mixed  minerals  with  nitrate  of  soda,  one-sixth  ration. 
Mixed  minerals  with  nitrate  of  soda,  one-third  ration. 
Mixed  minerals  with  nitrate  of  soda,  two-thirds  ration. 
Mixed  minerals  with  nitrate  of  soda,  full  ration. 
The  amount  per  acre  and  the  percentages  of  the  several  ingredients  in  the  nitrogen 
mixture  group,  for  instance,  would  be  as  follows  : 


Fertilizing  materials. 

Ingredients. 

Nitrogen  mixture  group. 
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One-twelfth  ration 

400 

133 

38 

64 

67 

6 

11.2 

11.7 

1.  5 

One-sixth  ration 

400 

133 

75 

64 

67 

12 

10.5 

11.0 

2.0 

One-third  ration 

400 

133 

150 

G4 

67 

24 

9.3 

9.S 

3.5 

Two-thirds  ration 

400 

133 

300 

64 

67 

48 

7.6 

8.0 

5.8 

Full  ration 

400 

133 

450 

64 

67 

72 

6.5 

6.8 

7.3 

PRELIMINARY   GROUP. 

1 

The  experiment  will  be  much  more  satisfactory  if  we  know  the  effects  of  the  super- 
phosphate, potash,  salt,  and  nitrogenous  materials  separately,  and,  inferentially,  the 
capacity  of  the  soil  to  supply  the  phosphoric  acid  and  potash  as  well  as  the  nitrogen. 
To  this  end  we  may  use  the  materials  separately,  and  two  by  two,  as  has  been  done 
in  previous  experiments,  and  is  shown  in  the  schedule  beyond.  In  the  experiments 
described  above  the  nitrogen  of  the  preliminary  groups  has  been  supplied  in  either 
nitrate  of  soda  or  "nitrogen  mixture."  Though  experience  has  shown  very  little 
difference,  probably  the  mixture  will  be  the  safer,  and  accordingly  it  is  here  recom- 
mended. 
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As  urged  above,  the  many  sources  of  error  in  field  experiments  make  duplicates  vcr\ 
important.  This  may  be  effected  by  repeating  the  nitrogen  groups,  in  which  oppor- 
tunity is  taken  to  test  the  different  forms  of  nitrogen,  and  by  putting  the  mixed  min- 
erals on  each  side  of  each  nitrogen  group,  thus  testing  the  uniformity  of  the  soil,  re- 
placing the  unmanured  plots,  and  showing  more  accurately  the  effects  of  the  nitrogen. 

To  recapitulate  briefly,  our  experimental  fertilizers,  as  thus  planned,  will  be  ar- 
ranged in  groups,  thus  : 

c  t>  .  k,  ;., ,,  ,-/--„„.,.,     -C.  1  i>„j+^u-  (Thus  t.  sting  the  effects  of  ingredients 

Partial  fevtili/ors  . ...     J ''i    '  ^  7    V     ''•  '  '•      separately  and  capacity  of  soil  to  sup 

I     ana  wo  oy  two.  ^    ply  them 

f Nitrate  of  soda  Group.    Nitrogen  as  nitric  1 
acid  in  nitrate  of  soda. 
Sulphate   of  ammonia   Group.      Nitrogen   as  |  Xit..0„pn    in    onp  twelfth     one- 

nitrogen  in  dried  blood.  aud  luU  iaUous- 

|  Nitrogen  mixture  Group.    Nitrogen  in  the 
[     three  forms  named  above.  J 

Other  groups  containing  meat  scrap,  fish  guano,  Peruvian  guano,  leather  scrap,  &c.r 
can  be  employed  at  the  discretion  of  the  experimenter.  When  desired,  as  may  be 
the  case  with  cotton,  for  instance,  half  the  quantities  may  be  used,  or  the  same  quan- 
tities distributed  over  double  the  area.  The  preliminary  groups  can  be  omitted  if 
necessary,  the  nitrogen  groups  used  -without  the  basal  mixture,  and  a  smaller  list  of 
rations  used  in  each  group,  as  may  be  desirable  in  each  case.  Two  nitrogen  sets, 
which  can  be  obtained  ready  for  use,  are  described  beyond. 

PHOSPHORIC  ACID  EXPERIMENTS. 

In  devising  plans  for  these  experiments  we  have  to  consider  what  questions  are  to 
be  studied  and  what  compounds  of  phosphoric  acid  are  to  be  employed. 

A.— Questions  to  be  studied. 

The  following  may  be  regarded,  at  the  outset  at  least,  as  among  the  more  impor- 
tant : 

I.  The  action  of  phosphoric  acid  in  different  forms  and  amounts  upon  the  growth  of 
plants  under  different  conditions  of  crop,  soil,  climate,  season,  &c,  e.  g., 

1.  Soluble  vs.  precipitated. 

2.  Soluble  vs.  insoluble. 

3.  Effects  of  fineness  of  pulverization  upon  the  availability  of  insoluble  phos- 

phoric acid  in  bone,  rock  phosphate,  &c. 

4.  Bone  vs.  mineral  phosphate. 

5.  Raw  bone  vs.  boiled  bone  ;  i.  e.,  bone  from  which  gelatine  has  been  extracted. 

II.  The  feeding  capacities  of  different  plants  as  related  to  phosphoric  acid,  i.  e.,  their 
capabilities  of  availing  themselves  of  the  supplies  of  phosphoric  acid  at  their  dis- 
posal in  the  soil,  and  in  fertilizers,  in  so  far  as  their  capabilities  are  indicated  by 
the  observed  effects  of  the  phosphoric  acid  compounds. 

B. — Forms  and  amounts  of  phosphoric  acid  and  phosphatic  compounds. 

The  following  list  seems  complete  euough  for  the  present  purpose: 

I.  Forms  of  phosphoric  acid: 

1.  Soluble. 

2.  Precipitated. 

3.  Insoluble. 

II.  Kinds  of  phosphatic  compounds  : 

1.  Boue. 

a.  Raw. 

b.  Steamed. 

c.  Bone  black. 
(1.  Bone  ash. 

2.  Phosphatic  guanos. 

a.  Curacoa,  &c< 
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3.  Mineral  or  rock  phosphate. 
a.  South  Carolina. 
~b.  Navassa. 
c.  Apatite,  &c. 

III.  Grades  of  fineness :  The  grades  of  fineness  will  naturally  depend  upon  what  the 
market  affords.     We  might  use,  for  instance  : 

1.  Coarse. 

2.  Medium. 

3.  Fine. 

IV.  Quantities  of  phosphoric  acid : 

Each  of  the  several  forms  may  be  used  in  different  "  rations,"  the  several  rations 
making  a  group,  as  in  the  nitrogen  experiments. 

DETAILED    PLANS. 

For  the  specific  materials  to  furnish  the  phosphoric  acid  in  the  soluble  aud  precip- 
itated forms,  the  following  are  perhaps  as  well  fitted  for  the  purpose  as  any.  Of 
course  others  will  suggest  themselves. 

1.  Soluble  phosphoric  acid: 

a.  Dissolved  bone  black  with  16  per  cent.  Po05. 
&.  High-grade  superphosphate  with  32  per  cent.  P205. 
Of  the  above,  perhaps  (a)  will  serve  best  to  begin  with. 

2.  Precipitated  phosphoric  acid.     This  may  consist  of— 

a.  High-grade  superphosphate  with  equal  weights  of  chalk,  making  a  preciptated 
phosphate  with  16  per  cent.  P2Os- 

3.  Insoluble  phosphoric  acid.     For  this,  bone,  phosphatic  guanos,  and  mineral   or 

rock  phosphates  will  be  in  order.     Bone  and  South  Carolina  phosphate  are  per- 
haps the  most  important  at  present : 

a.  Fine  bone  dust  (mesh,  40.)  from  steamed  or  raw  bone  with  25  per  cent.  P205. 
h.  South  Carolina  phosphate  with  25  per  cent.  P205. 


QUANTITIES   OF   PHOSPHORIC  ACID. 

As  already  suggested,  we  may  arrange  for  each  of  the  phosphatic  compounds  a  group 
of  four  rations.     Below  are  examples  with  quantities  per  acre  : 
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b.  One-third 
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d. 
b. 
c. 
0. 

One-sixth 

One-third 

Two-thirds  ... 
Full 

133 
267 
533 
800 

Steamed  Bone  ) 
Group. 

a.  One-sixth 

b.  One-third 

c.  Two-thirds... 

d.  Full 

67 
133 
267 
400 
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<)3 


The  effects  of  fineness  of  pulverization  may  be  tested  by  such  groups  as  these : 


Gradeof  fineness.      Ground 

( rradeof  fineni  ss. 
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Fine,  mbdi  dm,  ] 

AND    COAESE J 
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The  details  of  quantities  per  acre  and  percentages  of  the  Superphosphate  Group, 
for  instance,  will  be  : 


Fertilizing  materials. 

Ingredients. 

SUPEBPHOSPHATE  GEOUP. 

Nitrogen     mixture, 
pounds  ]»'■]  acre. 

Muriate  of  potash, 
pounds  per  acre. 
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A.  One-sixth  ration 

E.   One-third  ration    

C.  Two-thirds  ration 

D.  Full  ration  

150 
150 
150 
150 

133 
133 
133 
133 

100 
20C 
400 
600 

24 
24 
24 
24 

67 
67 

67 
67 

16 
32 
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96 

6.:! 
5.0 
3.5 
2.7 

17.3 

13.9 

9.8 

7.6 

4.2 

6.7 

9.4 

10.9 

That  is  to  say,  the  Superphosphate  Group  would  thus  consist  of  four  mixtures. 
Each  of  these  mixtures  will  contain  a  "  hasal  mixture"  with  nitrogen  and  potash 
each  in  £  ration.  To  this  hasal  mixture  the  superphosphate  is  added  in  successive 
amounts,  from  "  one-sixth  ration"  to  "full  ration,"  or  from  16  to  9G  pounds  per  acre. 


SULPHATE   OF   LIME   GROUP. 


Since  more  or  less  of  the  effect  of  the  superphosphate  may  he  due  to  its  sulphate  of 
lime,  a  check  trial  with  plaster  as  provided  in  the  schedule  on  page  31  may  he  advis- 
able. 

The  explanation  of  the  nitrogen  experiment  will  apply,  mutatis  mutandis,  to  the 
phosphoric  acid  experiment.  The  idea  is  to  so  arrange  the  materials  that  each  experi- 
menter may  select  groups  or  parts  of  groups  at  his  discretion  and  thus  make  up  such 
an  experiment  as  will  he  most  to  the  purpose  in  the  conditions  under  which  he  works. 

The  following  list  of  materials  and  groups  includes  perhaps  the  most  important, 
and  suggests  a  schedule  of  experimental  fertilizers: 


Partial  Fertilizers 


"i 


Preliminary  Group,  each  by  itself,  f 


Thus  testing  the  effects   of    ingredients 


and  two  by  t  wo. 


S 


separately. 
ply  them. 


and  capacity  of  soil  to  sup- 


Complete  Fertilize!  s. 


'Soluhle  phosphoric  acid  Group. 
Precipitated  phosphoric  acid  Group. 
Insoluble  phosphoric  acid  (iron]).     Steamed  hone. 
Insoluble  phosphoric  acid  (iron],.     Raw  bone. 
Insoluble  phosphoric  acid  Group.    S.  C.  phosphate. 
Sol.,  Precip.,  and  Cnsol.  Phos.  acid  Group.    S.  U.  super- 
phosphate. 

Etc.,  .  tc.  J 


Phosphoric  acid  in 
one-sixth  ration, 
one-third  ration, 
two-thirds  ration, 

and  lull  ration. 


Raw  bone  <  rroup. 

South  Carolina  phosphate  Group. 

EtC.,  etc..  etc. 


Diflferi  nl    grade 

qui  >•,  us. 
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SCHEDULES  FOR  EXPERIMENTS. 

While  experimenters  will  arrange  their  experiments  at  discretion,  it  has  seemed  to 
me  desirable  to  suggest  schedules,  and,  if  practicable,  to  make  arrangements  to  assist 
them  in  procuring  the  materials  with  the  least  trouble  and  expense.  I  have,  there- 
fore, drawn  up  schedules  for  three  sets  of  experimental  fertilizers,  as  follows: 

The  first,  "Nitrogen  Set  Xo.  1,"  is  nearly  the  same  as  used  by  a  number  of  gentlemen 
last  season.  Nitrogen  is  supplied  as  nitric  acid,  ammonia,  and  organic  nitrogen,  in 
three  groups  with  three  rations,  £,  §,  and  full  ration,  in  each.  The  set  requires  18 
plots  for  the  fertilizers,  which,  with  two  unmanured,  would  make  20  plots,  or.  witli 
one-twentieth  acre  plots,  one  acre  of  land,  for  the  experiment.  With  spaces  between 
the  plots  a  larger  area  will  be  needed. 

NITROGEN  SET  NO.  1. 


Materials. 


Preliminary  Group 


1.  Nitrate  of  soda,  one-tliird  ration. 

2.  Superphosphate 

3.  Muriate  of  potash 

j    C  Nitrate  of  soda,  one-third  ration. 

'  \  Superphosphate 

-    C  Nitrate  of  soda,  one-third  ration . 
'■  l  Muriate  of  potash 


fi    f  Superphosphate, 
t     '  I  Muriate  of  potash 


r 


Mixed  miners 


-•{ 


C  Mixed  minerals,  as  Xo.  6 

I  Nitrate  of  soda,  one-third  ration.. 

t.t.,  ,    r,  J    o    C  Mixed  minerals,  as  No.  6 

itrate  of  soda  Group  ^    8.  J  Nitrate  of  goda;  two.thirds  ration . 

-.    C  Mixed  minerals,  as  No.  6 

"  I  Nitrate  of  soda,  full  ration 


9. 


6a.  Mixed  minerals,  as  No.  6. 


r 


10. 


Sulphate  of  ammonia 
Group. 


11. 


12. 


Mixed  minerals,  as  No.  6 

Sulphate  of  ammonia,  one-third  ration  .. 

C  Mixed  minerals,  as  No.  6 

)  Sulphate  of  ammonia,  two-thirds  ration. 

C  Mixed  minerals,  as  No.  G 

I  Sulphate  of  ammonia,  full  ration 


6b.   Mixed  minerals,  as  No.  6. 


13. 


Dried  blood  Group  . .  >{  14. 
15. 


C  Mixed  minerals,  as  No.  6 

I  Dried  blood,  one-third  ration  .. 

C  Mixed  minerals,  as  No.  6 

I  Dried  blood,  two-thirds  ration. 

Mixed  minerals,  as  No.  6 

Dried  blood,  full  ration 


6c.    Mixed  minerals,  as  No.  6. 


Amounts. 


Founds. 

Pounds. 

7.5 

.1 5.  0 

20.0 

40.0 

6.7 

13.3 

7.5 

15.  0 

20.0 

40.0 

7.  5 

15.0 

6.7 

13.3 

20.0 

40.0 

6.7 

13.3 

26.7 

53.3 

7.  5 

15.0 

26.7 

53.3 

15.0 

30.0 

26.  7 

53.3 

22.5 

45.0 

26.7 

53.3 

26.7 

53.3 

5.6 

11.3 

26.7 

53.3 

11.3 

22.5 

26.7 

53.3 

16.8 

33.7 

26.  7 

53.3 

26.7 

53.3 

11.0 

22.  0 

26.7 

53.3 

22.  0 

44.0 

26.  7 

53.3 

33.0 

66.0 

26.7 

53.3 

The  following,  " Nitrogen  Set  No.  2,"  is  simpler,  containing  only  the  preliminary 
group,  and  a  nitrogen  mixture  group  with  five  rations,  and  one  extra  '•  mixed  miner- 
als." It  has  the  advantage  of  greater  simplicity,  and  of  testing  the  (fleets  of  smaller 
quantities  of  nitrogen,  but  lias  1  he  disadvantage  of  not  duplicating  the  nitrogen  tests. 
It  can  be  greatly  improved  by  duplicating  the  "nitrogen  mixture"  group,  which,  -with 
an  extra  "mixed  minerals,"  will  make  18  fertilizers.  With  one-twentieth  aire  plots 
this  would  require  an  acre,  and  make  an  excellent  experiment. 
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NITROGEN  SET  NO.  2. 
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Nitrogen  mixture,  one-third  ration 
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\  Nitrogen  mixture   one-third  ration 
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C  Mixed  minerals 
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<;  Mixed  minerals 
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CMixeu  minerals 
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Mixed  minerals  
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-    -     • 

1 

Z    - 

- 

—    r. 

Xfl 

To 

unds. 

7.5 

20.0 

6.7 

7.5 

20.0 

7.5 

6.7 

20.0 

6.7 

26.  7 

1.9 

26.  7 

3.7 

20.  7 

7.5 

26.7 

15.0 

26.7 

22.5 

26.7 

-—  —  - 

a  o 


-  -  - 


Pounds. 
15.0 

40.0 
13.3 
15.0 

40.0 
15.0 
13.3 
40.0 
13.3 


53 

3 
53 

7 
53 
15.0 
53.3 
30.0 
53.3 
45.0 


53.3 


The  following  specifications  are  intended  for  rise  in  ordering  the  fertilizers: 
Specifications  for  nitrogen  sets. — Materials  to  be  weighed  and  mixed  with  greatest 
possible  care  and  accuracy,  put  iu  bags,  and  each  bag  furnished  with  a  label  stating 
number  and  contents  per  schedule.  Minimum  percentages  as  follows:  Nitrate  of 
soda,  16  per  cent,  nitrogen  ;  sulphate  of  ammonia,  21  per  cent,  nitrogen;  dried  blood, 
11  per  cent,  nitrogen;  superphosphate  (dissolved  bone  black)  15  per  cent,  soluble  aud 
16  per  cent,  total  phosphoric  acid;  muriate  of  potash,  50  per  cent,  potash. 


PHOSPHORIC   ACID   SET. 

This  tests  the  action  of  soluble  phosphoric  acid,  in  dissolved  bone  black,  precipi- 
tated phosphoric  acid  in  a  mixture  of  high  grade  superphosphate  from  bone  and 
chalk,  and  insoluble  phosphoric  acid  in  bone  from  which  the  larger  part  of  the 
organic  matter  has  been  removed.  A  sulphate  of  lime  group  is  added  as  a  test  of  the 
effect  of  the  sulphuric  acid  and  lime  of  the  superphosphates.  This  includes  25  fer- 
tilizers, which  with  two  unmanured  plots  would  require  27  plots,  or,  if  each  plot  is 
one-twentieth  acre,  a  little  over  1-j  acres,  and  more  if  unmanured  strips  are  left  be- 
tween the  rows.  The  set  can  be  reduced  to  21  by  omitting  the  sulphate  of  lime  group, 
and  to  18  by  using  only  three  rations  in  each  phosphoric  acid  group.  ~ 
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PHOSPHORIC  ACID  SET. 

Amounts. 


Materials. 


Preliminary  Group 


Soluble      phosphoric-  j 
acid  Group.  ) 


Precipitated    phos- 
phoric-acid  Group. 


S:  earned  hone  Group  -  <J 


Sulphate 
Croup. 


of 


lime) 


A. 
B. 

C. 

D. 

E. 
F. 


Nitrogen  mixture.. 

Superphosphate  ... 

Muriate  of  potash  . 
(  Nitrogen  mixture  . 
I  Superphosphate  ... 
C  Muriate  of  potash  . 
I  Superphosphate  ... 
5  Nitrogen  mixture. 
)  Muriate  of  potash 


Basal  mixture] 


C  Basal  mixture 

)  Dissolved  bone  black 

Basal  mixture 

Dissolved  bone  black 

C  Basal  mixture ! 

I  Dissolved  bone  black 

-p.    C  Basal  mixture       

'  £  Dissolvtd  bone  black  . 


M 


Fa.    Basal  mixture 


B. 


D. 


<,  Basal  mixture 

I  Precipitated  phosphate. 

^  Basal  mixture 

I  Precipitated  phosphate. 

y  Basal  mixture 

I  Precipitated  phosphate. 

Basal  mixture 

Precipitated  phosphate. 


F6.    Basal  mixture 


M 


D. 


Basal  mixture 

Bone  dust 

Basal  mixture 

Bone  dust 

Basal  mixture 

Bone  dust 

Basal  mixture 
Bone  dust 


Fc.     Basal  mixture 


A. 
B. 


^  Basal  mixture 

I  Plaster  

C  Basal  mixture 

I  Plaster    

Basal  mixture 
Plaster  


FcZ.    Basal  mixture 


r.  tZ 


"2    '-    O 


inds. 

Pounds. 

i.  5 

15.0 

20.0 

40.0 

6.7 

13.  3 

7.5 

15. 0 

20.0 

40.0 

6.7 

13.3 

20.0 

40.  0 

i.  5 

15.0 

6.7 

13.3 

14.2 

28.3 

5.0 

10.0 

14.2 

28.3 

10.0 

20.3 

14.2 

28.3 

20.0 

40.0 

14.2 

28.3 

30.0 

60.0 

14.2 

28.3 

14.  2 

28.3 

5.0 

10.0 

14.2 

28.3 

10.0 

20.0 

14.2 

28.3 

20.0 

40.0 

14.2 

28.3 

30.0 

60.0 

14.2 

28.3 

14.  2 

28.3 

5.0 

10.0 

14.2 

28.3 

10.0 

20.0 

14.2 

28.  3 

20.0 

40.0 

14.2 

28.  3 

30.0 

60.0 

14.2 

28.3 

14.2 

28.3 

3.8 

7.  .j 

14.2 

_- 

7.  5 

15.0 

14.2 

.- 

11.3 

22.5 

14.2 

28.3 
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Besides  tlie  above  set,  groups  like  the  following  may  be  employed: 


Materials. 


Amounts. 


•South  Carolina  super- 
phosphate Group. 


South  Carolina 
phate  Group. 


phos-  ! 


Steamed  bone  group . 


Fine,     medium,     and 
coarse  bone  Group. 


Fine,  medium,  and 
coarse  South  Caroli- 
na phosphate  Group. 


Pounds. 

.     $  Basal  mixture 14.2 

I  South  Carolina  superphosphate 6.7 

■o    C  Basal  mixture 14.  2 

I  South  Carolina  superphosphate 13.  3 

p    (  Basal  mixture 14.2 

I  South  Carolina  superphosphate  26.7 

-pv    C  Basal  mixture 14.2 

'  l  South  Carolina  superphosphate 40.  0 

A     (  Basal  mixture }       ]4  2 

I  South  Carolina  phosphate 5 

■o    C  Basal  mixture ?       \l  2, 

'  l  South  Carolina  phosphate > 

r    C  Basal  mixture \       ■,.  9 

°"  }  South  Carolina  phosphate j 

-r.    f  Basal  mixture t       ■,.  9 

'  )  South  Carolina  phosphate 5 

a     C  Basal  mixture 14.2 

*  \  Steamed  bone 5.0 

■r>     C  Basal  mixture 14.2 

**•  I  Steamed  br>ne 10.0 

r     C  Basal  mixture 14.  2 

°*  }  Steamed  bone 20.0 

•p.    C  Basal  mixture  ....• 14.2 

"'  I  Steamed  bone 30.0 

.      C  Basal  mixture 14.  2 

■^'  I  Ground  bone  (fine) 20.0 

-o    C  Basal  mixture 14.2 

'  l  Ground  bone  (medium) 20.  0 

P     C  Basal  mixture 14.2 

'   I  Ground  bone  (coarse) 20.0 

a     C  Basal  mixture 14.2 

'  I  South  Carolina  phosphate  (fine) 20.  0 

-g    C  Basal  mixture 14.2 

'  i  South  Carolina  phosphate  (medium) i  20.0 

P     C  Basal  mixture 14.2 

<  South  Carolina  phosphate  (coarse) 20.  0 


t-  J 

u  o 

„©t3 

..  - 

^  © 

*4H     ^ 

S-S  « 

ic« 

^  _= 

05    9   O 

•2  *» 

U   ?   2. 

oublo  s 
one-ten 
plots. 

egula 

one-t 
acre 

n 

fi 

I 


Pounds. 
28.3 
13.3 
28.3 
26.7 
28.3 
53.4 
28.3 
80.0 

28.3 
28.3 
28.3 
28.3 

28.3 
10.0 
28.3 
20.0 
28.2 
40.0 
28.3 
60.0 

2&3 
40.0 
28.3 
40.0 
28.3 
40.0 

28.3 
40.0 
28.3 
40.0 
28.3 
40.0 


Specifications  for  fertilizers  of  phosphoric  acid  set :  Materials  to  be  put  up  with  greatest 
care  iu  bags,  with  labels  stating  contents.  Minimum  percentages  as  follows :  Nitrogen 
mixture  and  muriate  of  potash  as  in  nitrogen  experiment.  Superphosphate  (dissolved 
bone  black)  with  15  per  cent,  soluble,  and  16  per  cent,  total  P205.  Precipitated  phos- 
phate to  consist  of  high  grade  superphosphates  32  per  cent,  and  chalk  in  equal  parts, 
and  to  contain  16  per  cent.  P205.     Other  materials  to  be  of  good  average  quality. 

CROPS  TO  BE  EXPERIMENTED  UPON.  * 

The  kind  of  crop  will,  of  course,  be  selected  by  the  experimenter.  Experiments  are 
.needed  upon  all  our  ordinary  crops,  but  especially  on  wheat,  barley,  rye,  oats, 
corn,  sorghum,  grass,  clover,  onions,  potatoes,  roots,  and.  in  the  South,  sugar  cane  and 
cotton. 

The  following  is  a  copy  of  directions  for  experiments  suggested  to 

accompany  the  above  plans: 

Co-operative  Experiments  with  Fertilizers. 

Directions  for  Special  Nitrogen  and  Phosphoric  Acid  Experiments. 

GENERAL   SUGGES1  CONS. 

1.  It  is  important  to  have  plans  complete  and  clearly  in  mind,  and  everything  ready 
before  starting.    Proper  plans  at  the  outset:  uniform  soil,  which  should  also  be  "  worn- 
7709 7 
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out"  if  its  permanent  capacity  for  production  and  the  true  effects  of  the  fertilizers  are 
to  be  tested;  plots  of  proper  size,  shape,  and  accurately  laid  out ;  right  application  of 
the  fertilizers;  good  seed;  careful  measurement  of  crops;  full  notes  of  details;  and 
careful  observation  of  the  effects  of  the  fertilizers  on  succeeding  crops,  are  essential 
to  the  best  results. 

CHOICE    OF   EXPERIMENTAL   FIELD. 

2.  Uniformity  of  soil  is  of  the  utmost  importance.  There  will  be  more  or  less  vari- 
ation in  different  parts  of  the  same  field^at  best.  The  unevenness  is  sometimes  so  great 
as  to  spoil  the  experiment.  The  less  the  variation  the  more  reliable  will  be  the  re- 
sults. Level  land  should  be  chosen  if  practicable,  but  if  it  be  sloping  let  the  plots 
run  up  and  down  the  ascent,  so  that  wash  by  rains  will  not  transfer  the  materials  from 
one  plot  to  another. 

"worn-out"  soils  for  the  tests. 

3.  The  object  is  to  learn  what  can  be  done  by  the  soil  with  its  "natural  strength."" 
A  store  of  plant  food,  either  accumulated  by  natural  processes  or  left  over  from  previ- 
ous manuring,  would  obscure  the  action  of  the  fertilizers,  and  render  the  experiments. 

indecisive. 

dimensions  of  plots. 

4.  It  is  well  to  make  the  plots  long  and  narrow,  so  as  to  compensate  as  far  as  possible 
for  the  unevenness  of  the  soil.  If  the  soil  is  even,  small,  short  plots  will  do,  but  gen- 
erally it  will  not  be  even,  and  long  strips  are,  therefore,  safer.  To  this  end  Jet  the 
whole  area  be  as  long  and  narrow  as  convenient,  and  the  plots  run  lengthwise  through 
it.  If  the  seed  is  to  be  planted  in  rows  the  length  can  be  adapted  to  the  distance  of 
the  rows  apart.  If  this  space  is  less  than  two  and  one-half  feet,  it  will  be  best  to 
leave  an  unmanured  row  between  each  two  strips.  Iu  general,  an  unmanured  strip, 
three  feet  wide,  or  wider,  i>hould  be  left  between  each  two  plots,  so  as  to  prevent  the 
crop  of  one  from  being  affected  by  the  manure  of  another.  If  this  is  too  inconvenient, the 
next  best  plan  will  probably  be  to  cultivate  between  the  rows  deep  enough  to  cut  the 
roots  and  prevent  them  from  feeding  on  their  neighbor's  fertilizers. 

Strong  stakes  should  be  driven  firmly  into  the  ground  at  the  boundaries  of  the  plots 
and  not  allowed  to  be  knocked  over  or  plowed  up. 

The  following  figures  will  be  of  service  in  calculating  the  dimensions  of  the  experi- 
mental plots  and  field. 

To  calculate  the  size  of  plot  of  1-20  acre,  find  in  the  left-hand  column  "  Width,"  the 
figure  for  the  width  decided  upon,  the  opposite  figure  in  the  right-hand  column  will 
represent  the  length.  Or,  given  the  length  in  the  right-hand  column,  the  opposite 
figure  in  the  left-hand  column  will  be  the  width.  For  1-10-acre  plots,  take  of  coarse 
double  the  given  length  for  same  width,  or  double  the  given  width  for  same  length. 

ONE  TWENTIETH  ACRE  PLOTS,  WIDTH  AND  LENGTH. 


Assumed  width. 

Required  length. 

Assumed  width. 

Required  length. 

Hods: 
One-third 

Feet.  Mods.    Ft. 
396  =  24    (10 
330  =  20    00 
264  =  16    00 
220  =  13      5i  ! 

363  =  22     00 
335  =  20      5 
312  =  18    14 
291  =  17     10 
273  =16      8 
257  =15      9 
242  =  14    10 
230  =  15    15 
218  =13       4 
208  =12      9 
19*8  =  12    00 

Rods : 
Two-thirds 

Feet.  Sods.  Ft. 
198  —  12    00 

Two-fifths 

Three-fourths 

Four-fifths 

176  —  10    11 

One-half 

165  —  10     00 

Three-fifths 

Eeet: 

G   

6£ 

7   

n 

8  

One 

Eeet: 

ll1 

12  

12  .V 

13  

13i 

14  

1 4 1 

132  =     8     00 

189  =11  8 
182  =  11  00 
174  =10  9 
168  =  lo  :: 
161  —    9    13 

8i 

9  

155  =  9  7 
150—9      2 

9J. 

10   

15   • 

15* 

145  =    8    13 

141  —    8      8- 

ioj 

11  

16  

[Qi 

136  =  8  4 
132          8    00 
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For  an  area  of  one  acre,  160  square  rods,  10  x  10  rods  will  be  good  dimensions.  This 
Avill  make  twenty  plots — each  \  rod  x  16  rods  =  8  sq.  rods,  =1-20  acre.  Unmanured 
strips  between  the  plots  will,  of  course,  increase  the  size  of  the  experimental  field. 

FERTILIZERS   WELL  DIFFUSED   THROUGH   SOIL. 

5.  In  general,  it  is  well  to  apply  the  fertilizers  broadcast.  They  may,  however,  be 
put  in  the  hill  or  drill,  provided  they  are  well  diffused  through  the  soil  To  accomplish 
this,  it  is  well  to  mix  them  with  several  times  their  hulk  of  earth,  saw-dust,  or  other 
diluent,  before  using.     The  important  points  are,  that  they  be  : 

1st.  Applied  evenly  over  the  plots  where  they  belong  and  not  allowed  to  get  outside. 
2nd.  Well  distributed  through  the  soil.     When  the  seed  is  in  hills  or  drills  an  excel- 
lent plan  is  to  spread  the  fertilizers  over  a  space,  say  two  feet  wide,  along  the  row. 

UNMATURED   PLOTS   AND  DUPLICATE   MANURED   PLOTS   FOR   COMPARISON. 

6.  Unmanured  plots  will,  of  course,  be  left  for  tests  of  capacity  of  the  soil.  Both 
these  and  the  duplicate  "mixed  minerals"  of  the  nitrogen  experiment  or  "basal  mix. 
tures"  of  the  phosphoric  acid  experiment,  will  test  the  uniformity  of  the  soil. 

REPORTS. 

7.  Blanks  will  be  forwarded  to  experimenters  for  recording  and  reporting  details  as 
to  soil,  culture,  weather,  and  products.  The  observations  and  notes  made  during  the 
growth  of  the  plants  will  greatly  enhance  the  value  of  the  reports. 

PLAN   OF   EXPERIMENTAL   FIELD. 

The  plan  herewith  shows  a  fitting  arrangement  for  the  "Xitrogen  Experiment  No. 
1,  1882,"  and  illustrates  how  others  may  advantageously  be  planned. 

NITROGEN   EXPERIMENT. 
ARRANGEMENT  OF  EXPERIMENTAL  FIELD. 

With  "Acre  set."     Each  plot  1-20  acre.  \ 

Whole  field  one  acre.  !Or  more  with  unmanured  strips  be- 

With  "Two-acre  set."    Each  pl'ot  1-10  acre.  (         tween  each  two  plots. 

Whole  field  two  acres.  J 

0  Xo  manure. 

(   1  Xitrate  of  soda. 

2  Superphosphate. 

Preliminary  J    3  Muriate  of  potash. 

Group.         }    4  Xitrate  of  soda  and  superphosphate. 

\    5  Xitrate  of  soda  and  muriate  of  potash. 

^  6  Superphosphate  and  muriate  of  patash.     "Mixed  minerals." 

v  ,  t     7    Mixed  minerals  plus  nitrate  of  soda.     One-third  ration. 

Cporp         I    8    Mixe(1  minerals  plus  nitrate  of  soda.     Two-thirds  ration. 
(    9    Mixed  minerals  plus  nitrate  of  soda.     Full  ration. 

6a  Mixed  minerals.     Duplicate  of  Xo.  6. 
.  i    10  Mixed  minerals  plus  sulphate  of  ammonia.     Oue-third  ration. 

ammonia     ^    n  Mixed  minerals  plus  sulphate  of  ammonia.     Two-thirds  ration. 
(    12  Mixed  minerals  plus  sulphate  of  ammonia.         Full  ration. 
6b  Mixed  minerals.     Duplicate  of  Xo.  6. 
Organic       (     13  Mixed  minerals  plus  dried  blood.     One-third  ration. 
NlTKOGEN     '     14  Mixed  minerals  plus  dried  blood.     Two-thirds  ration. 
Group.        (    15  Mixed  minerals  plus  dried  blood.    Full  ration. 
6c  Mixed  minerals.     Duplicate  of  Xo.  6. 
00  No  manure.   • 


APPENDIX 


EXPLANATION  OF  TABLES. 

It  has  seemed  to  rne  that  the  best  way  to  dispose  of  the  very  large  mass  of  materia 
which  the  reports  of  the  experiments  make  up,  will  he  to  arrange  it  as  far  as  possible 
in  tabular  form;  and  to  put  the  larger  and  more  detailed  tables  by  themselves,  as  is 
attempted  here. 

Table  I. — This  table  gives  the  results  of  experiments  with  corn  described  above. 
As  was  explained,  the  details  regarding  soil,  culture,  weather,  &c,  as  reported  by  the 
experimenters,  are  given  beyond. 

Table  II  gives  results  of  experiments  with  potatoes  on  the  plan  of  those  with  corn 
of  Table  I. 

Table  III  gives  similar  results  of  experiments  with  corn,  cotton,  clover,  and  pota- 
toes. It  will  be  noticed  that  these  experiments  were  all  made  in  the  year  1881,  upon 
a  schedule  slightly  different  from  that  of  Tables  I  and  II.  The  differences  in  these 
schedules  have  all  been  explained  above. 

Tables  IV  to  IX. — These  tables  include  what  we  have  called  the  "general  experi- 
ments" (that  is,  those  that  were  made  primarily  as  soil  tests).  As  space  scarcely  per- 
mits the  printing  of  all  the  details  as  to  the  soil,  culture,  weather,  &c,  which  were 
given  by  the  experimenters  in  their  reports,  some  principal  data  have  been  tabulated 
along  with  the  figures  for  produce.  Table  IV  gives  experiments  with  corn  in  1878 ; 
Table  V,  those  with  potatoes  in  1878  ;  Tables  VI  and  VII  include  the  experiments  of 
1879 ;  Tables  VIII  and  IX  those  of  1880. 

It  will  be  noted  that  no  tables  are  given  for  the  general  experiments  of  1881 .  I 
have  felt  that  those  are  sufficient  for  their  purpose,  and  have  taken  no  pains  to  see  to 
a  report  of  the  general  experiments  since  1880.  As  I  look  over  the  matter  now,  how- 
ever, I  am  by  no  means  certain  that  it  would  not  have  been  eminently  desirable,  had 
my  oilier  engagements  allowed,  to  collate  and  put  in  print  the  results  obtained  in  1881 . 
Still,  it  has  been  my  idea  from  the  outset,  that  the  experiments  should  be  made  grad- 
ually to  assume  a  more  and  more  scientific  character;  and  in  accordance  with  that, 
have,  in  the  latter  season,  paid  less  heed  to  the  general  and  more  to  the  special  experi- 
ments. * 

Table  X. — This  table  is  intended  to  show  (1)  the  regularity  and  irregularity  of  the 
action  of  the  different  materials;  (2)  the  specific  effects  of  the  substances  furnishing 
nitrogen,  phosphoric  acid,  potash,  and  plaster,  in  the  different  plots  of  each  experi- 
ment. Full  explanations  may  be  found  in  the  portion  of  the  article  which  treats  of 
this  subject. 

'1  able  XI  gives  the  figures  selected  from  Table  X,  and  includes  experiments  whose 
ri  suits  were  so  free  from  the  impairments  due  to  climate,  season,  culture,  and  especial 
irregularities  of  soil,  as  to  make  them  of  a  special  value  in  illustrating  the  specific 
effects  of  the  different  materials,  and  thus  throwing  light  upon  the  feeding  capacities 
of  plants. 

Table  XII  gives  partial  averages  of  results  of  the  experiments  of  1878  to  1881,  that 
is,  they  include  several  plots  of  the  genera!  experiments,  and  the  similar  plots  of  tin- 
special  ones. 

Table  XIII  recapitulates  the  results  of  the  special  nitrogen  experiments. 

Following  Table  XIII  is  a  condensed  statement  of  the  details  of  the  special  nitrogen 
rimeni-  as  regards  .-oil,  culture,  cropping,  &c 
100 
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Classification. 
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1.  Nitrogen  dc-^  8 

2.  Superphosf L  6 
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ood.      Poor.      Total. 


Bu. 
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Group  IE. 
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)■  Valuable     ingredients.  -J 
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Group  III. 
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FIELD  EXPERIMENT  WITH  FERTILIZERS,  1879. 

OUR  CURAT  WANT  OP  Oini   AOBICULTURK   IK  rxosKIl  BTUDT   AND  OBSERVATION  BT   FARMERS. 

Name  of  experimenter,  William  0.   llwood. 

Address,  P.  0.,  Walcrlom,  County,  Utohfleld,  State,  Conn. 

Tl xporimentnr  is  requested  to  iill  out  this  report  as  fully  and  accurately  as  lie  can,  making  each  entry  therefor  (in  note-book 

or  otherwise)  punctually,  and  trusting  nothing  tosubsequ recollection.    For.explanations  see  pamphlet,  noting  especially  pages 

13-17.     Further  particulars  than  suggested  bore  will  bo  useful,  and  are  requested.    Thin  blank  is,  as  you  see,  prepared  with  some 
,..,,■,..     will  mil  the  usefulness  to  others,  as  well  as  to  yourself,  make  ii   worth  your  while  to  devote  the  needed  time  and  thought  to 

mi  n  u,.||  (    Please  reserve  mi ipy  of  this  for  your  own  use,  and,  if  practicable,  send  tin-  other  in  early  in  the  autumn. 

DESCRIPTION  OF  SOIL. 


Kind— clay,  clayey  loam,  loam,  sandy  loam,  sandy,  gravelly,  stony, 
TEXTURE — ligl't,   loose,  heavy,  compact,  drained  or  not,  &c.     Add 


dug  henry  growth  of  common  sorrel.     No  signs  of  lime. 


Specify  :  Situation    upland,  lowland,  level  or  billy,  Ax. 
oalcarooiis  (liino),  color,  much,  or  little  vegetable  matter,  &o. 

other  details  as  they  may  oeour  to  you. 
Situation — Vpluud,  rolling)  slightly  Inollnedto  north. 
Kind — Yellowish  sand]/  hum  with  considerable  vegetable  matter,  prodi 
Texture  -Light,  loom'..     In  my  opinion  no  underdruining  desirable. 
Dry  or  wot—  Valium,  exoollrnt  rye  land  in  dry  seasone. 
Depth  of  surface  soil— 12  to  1H  inches. 
Character  of  subsoil — I) rapidly  day  to  iron  runt  bard  pan. 
On  the  whole,  for  what  crop  is  the  anil  lust  suited,  and  what  yields  do  you  usually  obtain?— Contiguous  land  with  8  cords  per  acre  of 

ijuoit  barn  manure  has  yielded  711  bnshele  of  shelled  com  per  acre  and  the  year  following,  with  no  additional  fertilizers,  50  bushels  of  oats. 
Other  remarks— Thiejleldlt  someiohat  remote  from  my  home,  farm  and  so  situated  as  to  make  it  impracticable  to  haul  barn  manure  so  far,  tip 

a  long  hill. 

PREVIOUS  TREATMENT  AND  YIELD. 
Previous  lo  1878   -This  plot  hud  nomanurc  during  my  acquaintance  with  it,  sixteen  years.    It  had  been  used  for  pasture  until,   owing  to  the 
fuel  thai  the  stook,  emeu,  were  housed  at  night,  il  hud  become  somewhat  Impoverished. 


Kind  of  immure 

Amount  per  acre*... 

Kind  of  crop 

Amount  per  acre  *  .. 


1876. 


1877. 


Dung Nothing  ... 



I'astiimue Buohoheat  . 


Nothing. 


Eye. 

lGbushels,  excellent  quality. 


The  rye  in  1878  was,  1  think,  the  finest  lever  saw.     What  did  itt     Poor  husbandry 

,„,,,.        _  *Nont  as  can  be  estimated. 
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DESCRIPTION— Continued. 

WEATHER  DURING  EXPERIMENT. 

Warm  or  cold,  wet  or  dry,  during  each  month  and  season  as  a  whole.     Give  times  of  rains  or  drought. 

April — Cold  and  wet,  land  could  not  be  plowed  until  May. 

May — Isl  to  16th  cold  and  quite  wet ;  rest  of  month  warmer.     No  showers. 

June — Good  growing  weather,  favorable  for  corn.     Occasional  warm  showers. 

July— First  week  hot  and  dry'.     Second  cooler.     One  good  shower.     Third  and  fourth  weeks  excellent  corn  weather. 

August — Excellent  wealbcrfor  development  of  corn  crop. 

On  the  whole  what  was  the  character  of  the  season? — Not  the  very  best,  but  second  only  to  1878  since  1870. 

FERTILIZERS— HOW  APPLIED.  * 

Flouted  in  drills  40  inches  apart  and  8  to  12  inches  from  plant  to  plant.  I  usually  plant  in  drills  3  feet  10  inches  apart,  applying  some 
kind  of  fertilizer  along  the  drills  so  as  to  cover  a  strip  12  to  20  inches  wide.  In  this  case  I  aimed  to  so  incorporate  the  fertilizer  with  the  soil  as 
to  avoid  injury  to  the  seed.  By  passing  over  the  ground  twice  and  supplying  half  of  the.  fertilizer  each  time  with  the  hand,  it  was  evenly  scattered, 
then  rakedin  carefully  so  as  not  to  obscure  the  marks  and  yet  bring  some  of  the  fertilizer  into  the  drills  well  incorporated  with  earth.  Expecting 
limited  returns  from  some,  J  made  the  drills  closer  together  as  above,  but  left  strips  5  feet  wide  between  the  plots  to  separate  the  fertilizers  wetl. 

METHOD  OF  SOWING  OR  PLANTING,  TILLAGE,   &c. 

About  May  1,  plowed  the  acre  about  4  inches  deep  with  a  cut  that  turned  under  completely  all  the  rye  stubble  and  sorrel.  l\oo  weeks  later 
plowed  again  6  inches  deep,  leaving  sorrel  and  stubble  still  covered.  During  three  successive  hots  days  harrowed  thoroughly  once  each  day,  then 
smoothing  with  light  brush  drag  and  laid  out  the  plots.  Fertilizers  were  applied  and  May  IS  corn  planted,  two  kernels  in  a  place  (one  for  the 
crop  and  one  for  intruders  of  various  sorts,  but  thinned  in  hoeing  lo  one  in  a  place),  10  inches  apart  and  properly  covered  with  the  hoe.  Stakes 
then  set  and  labels  attached.     Cultivated  and  hoed  three  times. 

OTHER  DETAILS  AND  REMARKS. 

[planted  late  owing  to  frost,  which  for  some  reason  unknown  to  me  remained  in  the  Held  long  after  adjacent  /ields  had  been  plowed. 

In  estimating,  the  dry  weight  of  fodder  as  compared  with  actual  half-dry  weight,  I  have  made  an  allowance  of  about  33  per  cent.,  thus  giving 
the  advantage  to  partially  and  wholly  unmannreil  plots,  as  all  such  were  less  ripe  than,  the  others  at  harvesting.  '  In  my  estimate  of  values  I  eon- 
eluded  to  offset  the  better  quality  of  grain  ire  the  manured,  against  the  better  quality  of  fodder  in  the  unmanureil  plots,  thus  giving  them  another 
small  advantage. 

I  had  no  expectation  of  a  crop  on  such  laud  as  I  have  chosen  for  my  experiment  without  manure,  or  I  should  hare  entered  one  or  («'«  mure 
unmanured  plots. 

Using  a  dressing  of  40  cords  of  stable  manure  and  100  bushels  choice  compost  with  plaster  and  ashes  as  a  top  dressing  hoc-inn  three  lima 
and  weeding  once,  the  whole  costing  about  $350,  I  obtained  139.3  bushels  of  shelled  com  to  the  acre.  The  same  land  without  manure  has  since 
yielded  as  follows  :  First  year,  410  bushels  of  potatoes  ;  second,  225  bushels  oats  ;  third  to  the  thirteenth  largecrops  of  hay,  all  estimated  «f  81,144. 
•With  other  details,  give  width  of  unmanurod  strips,  if  any,  between  manured  plota7 
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Table  X. — Effect*  of  individual  ingredients  of  fertilizers,  vitro 

Explanation. — This  table  is  intended  to  show  (1)  tbe  regularity  or  irregularity  of  the  action  of  the 
potash,  and  plaster  in  the  different  plots  of  eacb  experiment.  Thus,  in  No.  B.the  superphosphate, 
The  figures  are  found  by  subtracting  the  yield  without  each  ingredient  in  each  case  from  the  yields 
gives  the  effect  of  superphosphate  alone.  That  of  mixture  of  superphosphate  and  potash  salts,  less 
the  results  for  each  material  on  the  several  plots,  gives  the  effect  of  that  material  in  the  experiment 


Grouping  of  soils.  (By  yields  without 
fertilizers.  Heaviest  soil  of  each 
group  above  and  lightest  below.) 


INCREASE  WITH  NITROGEN. 
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gen,  phosphor ic  acid  (tenth  sulphuric  acid  and  linn   .  and  potash. 
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Continued. 
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DETAILS  OF  SPECIAL  NITROGEN  EXPERIMENTS. 

Observations  Regarding  Soil,  Weather,  Culture,  Character  of  Produce, 

and  other  details. 

As  shown  by  the  reports  of  individual  experiments,  of  which  examples  have  been 
given  elsewhere,  more  or  less  extensive  observations  have  been  made  and  recorded 
concerning  the  circumstances  and  conditions  of  the  experiments  and  the  character  of 
the  results.  A  faithful  statement  of  these  observations,  following  as  nearly  as  possi- 
ble the  language  of  the  experimenters,  will  be  valuable :  to  the  experimenters,  to  show 
what  their  fellow-workers  have  done,  and  how;  to  other  farmers  who,  in  applying 
the  results  to  their  practice,  will  find  profit  in  comparing  the  experimenters'  circum- 
stances with  their  own;  to  help,  in  general,  to  juster  criticizing  and  valuation  of  the 
experiments,  interpretation  of  the  results,  and  improvement  of  plans  and  methods ; 
and,  finally,  and  most  of  all,  to  show  what  good  work  farmers  can  do  in  applying  the 
methods  of  scientific  investigation  to  the  discovery  of  the  principles  on  which  their 
practice  should  be  based. 

The  following  details  of  the  reports  have  been  transcribed  under  my  direction,  with 
only  such  alterations  as  accuracy  allows  and  omissions  as  the  permitted  space  de- 
mands. Only  the  details  of  the  nitrogen  experiments  are  given  here,  however. 
Those  of  the  general  experiments,  though  most  interesting  and  valuable,  are  neces- 
sarily omitted.     Some  of  the  principal  facts,  however,  are  included  in  Tables  IV-X 

NITROGEN    EXPERIMENTS. 

A.  1876.    Prof.  J.  R.  Farrington,  Maine  State  College  of  Agriculture  and  Mechanic 

Arts,  Orono,  Me.— Experiment  with  Cor}}. 

Soil. — Situation,  nearly  level,  but  with  a  slight  swell  running  across  the  middle  of 
the  field,  draining  the  surface  water  off  each  way  in  the  direction  of  the  length  of 
the  rows.  Kind,  heavy  clay,  dry  or  wet,  moist,  not  underdrained.  Texture,  com- 
pact. Previous  treatment  and  yield. — In  meadow  (mowing)  for  ten  years.  In 
1873-'74  plots  running  at  right  angles  to  and  nearly  across  the  plots  of  the  present  ex- 
periment received  a  manuring  of  mineral  and  nitrogenous  fertilizers.  If  any  effect 
from  those  fertilizers  remained  it  would  be  felt  alike  "by  all  of  the  present  plots. 
Tillage,  &c. — The  land  was  plowed  six  inches  deep  ten  days  before  it  was  planted  ; 
was  prepared  for  planting  by  thoroughly  pulverizing  with  Randall's  harrow  ;  meas- 
ured rows  marked  writh  a  marker  drawn  by  hand.  Fertilizers  mixed  with  sawdust, 
carefully  distributed,  worked  into  the  soil,  and  seed  dropped  and  covered  with  a  hoe. 
Other  remarks.  —The  soil  of  the  field  has  a  remarkable  uniformity  of  appearance. 

B.  1878.     W.  I.  Bartholomew,  Pom  fret  (P.   O.  address,  Putnam),  Conn. — Experi- 

ment with  Corn. 

Soil. — Situation,  summit  of  hill.  Kind,  black,  clayey  loam,  yellow  below  ;  at  LJ  or  2 
feet  becomes  a  stony,  compact  clay.  Texture,  loose  surface  if  not  trodden  when  wet. 
Dry  or  wet,  variable  with  the  season.  Depth  of  surface  soil,  6  or  8  inches.  Subsoil, 
hard  and  compact.  Previous  treatment  and  yield. — Never  received  much  manure 
previous  to  1875.  In  grass  in  1875—77,  crop  about  one  ton.  Fertilizers,  how  ap- 
plied.— Scattered  in  and  around  the  hills  before  dropping  the  corn.  Tillage. — Hoed 
twice,  and  corn  thinned  to  four  stalks  in  hill  at  second  hoeing.  A  small  part  of  Nos. 
10  and  11  were  replanted,  and  corn  did  not  get  so  large  a  growth  m  those  plots. 
Weather. — Favorable ;  corn  came  up  well,  and  stood  remarkably  well  through  the 
season.  Other  remarks. — After  drying  one  month  the  ears  showed  a  shrinkage  of 
about  5  per  cent,  in  weight.  70  pounds  of  ears  as  harvested  yielded,  after  drying  one 
month,  55-J  pounds  of  shelled  corn      One  bushel  dry  shelled  com  weighed  G0,~';  pounds, 
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Plots. — Size,  nj- acre.     Rows,  3£  feet  apart.     Kind   of  com,  white  cap  corn.     Planted, 
May  16— *20.     Harvested,  September  30-October  10. 

€.  1879.  1880,  and  1881.     Also  by  Mr.  Bartholemew  . — Experiments  with    Corn  and 
Potatoes.  >ide  by  side,  as  per  description  of  experiment  of  1878. 

The  experiment  was  on  a  part  of  the  same  field  as  that  of  1878,  and  the  other  details 
were  similar. 

C.  1879.  Weather. — In  1879,  cold,  wet,  and  unfavorable  to  corn  throughout  ; 
better  for  potatoes:  except  in  spring  potatoes  came  up  slowly.  Severe  storms  in  July 
and  August.  Frost  killed  corn  (September  25)  before  maturity.  Potatoes  were 
planted,  like  the  corn,  in  hills  3i  by  3£  feet,  which  gives  not  more  than  half  the  hilis 
usually  made  per  acre  for  this  crop,  but  were  so  planted  for  uniformity,  and  to  allow 
cultivating  both  ways.  No  doubt  there  would  have  been  nearly  double  the  number  of 
bushels  if  they  had  been  planted  as  thick  as  usual.  The  hills  on  the  best  plots  were 
so  full  of  tine,  smooth  potatoes  as  to  excite  great  approbation  among  those  who  *aw 
them,  and  not  as  much  worm-eaten  as  was  common  here  this  season. 

C.  1880.  Weather. — Good  for  corn,  but  too  hot  and  dry  for  potatoes,  although 
my  crop  was  very  good  when  compared  with  most  of  my  neighbors.  Fertilizers  ap- 
plied in  the  drill.  These  experiments  with  potatoes  are  perhaps  the  most  unsatisfac- 
tory to  me  of  any  that  I  have  reported.  In  some  of  the  plots  the  seed  appeared  to  be 
injured  by  the  fertilizers  and  were  replanted,  but  this  was  of  little  result.  Accidents 
prevented  uniformity  in  hoeing,  which  appeared  to  affect  the  crop  ;  and  also  trust- 
ing slightly  to  others  in  harvesting  makes  some  of  the  figures  a  little  uncertain. 

C.  1881.  Weather. — May,  latter  part  of  month  very  warm.  June,  cold  and  wet 
Severe  cold  storm  before  crops  came  up.  July,  frequent  and  severe  showers.  Hard 
hailstorm  July  4th.  August,  cloudy.  Unfavorable  for  both  corn  and  potatoes  in  this 
section.  The  crops  of  both  were  light.  Fertilizers  applied  as  in  former  experi- 
ments, but  a  severe  storm  coming  ou  soon  after  the  corn  and  potatoes  came  up,  dis- 
solved the  fertilizers  and,  appeared  to  injure  the  young  plants  slightly,  especially 
where  the  quantity  was  largest.  Planting  and  tillage  as  heretofore.  Other  re- 
marks.— A  severe  hailstorm  July  4th  broke  down  and  battered  the  young  plants,  both 
of  corn  and  potatoes  so  badly  that  I  almost  despaired  of  a  crop  worth  reporting,  and 
was  advised  to  plow  it  up  and  sow  buckwheat  instead,  but  the  potatoes  finally  made 
a  fair  growth,  although  the  yield  was  too  small.  The  corn  was  perhaps  the  most  in- 
jured, and,  as  the  season  was  bad,  was  very  poor.  Although  the  crops  were  small  in 
consequence  of  the  hail,  &c,  perhaps  the  relative  effects  of  the  fertilizers  were  as 
manifest  as  in  a  good  season.  The  samamarkeddifferej.ee  existed  that  has  character- 
ized the  use  of  different  fertilizers  with  me  from  the  beginning  of  my  experimenting, 
several  years  ago.  The  first  year's  story  is  repeated  each  successive  year,  only  as 
modified  by  the  seasons.  Most  likely  the  storm  about  the  1st  of  June,  which  com- 
pletely saturated  the  ground,  gave  some  of  the  plots  which  were  lightly  fertilized,  or 
not  at  all,  the  benefit  of  fertilizers  of  adjacent  plots,  especially  the  00  plot.  The 
ground  descends  from  the  larger  numbered  plots  toward  the  smaller  numbered  ones, 
and  consequently  the  fertilizers  tended  in  a  flood  in  that  direction. 

D.  1878.     Chester  Save,  Middletown,  Conn. — Experiment  with  (lorn. 

Soil. — Situation,   upland,  sloping  to   the   east.     Kind,   loam,    some  cobble-stones 
Texture,  loose,  not  drained,  compact  after  rains.     Depth  of  surf  ace-soil ,  about  6  inches. 
Subsoil,  yellow,  with  cobble-stones,  hard  in  dry  weather.     Other  remarks,  the  land 
"has  been  faithfully  neglected."     Previous  treatment  and  yield. — No  manure 
put  on  for  three  years  previous  to  1875.     No  manure  in  1875-77,  crop,  1|,  1  and  {  tons  of 
hay  per  acre.    Weather.— April,  rain,  5th,  10th,  11th,  21st,  23d,  25th,  28th,  29th.     Mag 
rain,  5th, 9th,  20th,  21st,  25th,  30th,  31st.    June,  rain,  3d,  10th,  11th,  12th,  13th,  17tb,  18th 
*22d,  24th,  27th.     July,  rain,  4th,  9th,  10th,   12th,  21st,  27th,  30th.     August,  rain,  1st,  2d 
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4th,  6th,  9th,  16th,  20th,  21st,  25th.  Fertilizers,  how  applied.— Broadcast  and 
cultivated  in.  Tillage. — Cultivated  both  ways  twice  and  hoed.  Other  remarks.— 
The  birds  pulled  the  corn  badly,  and  although  it  was  replanted  there  were  some  miss- 
ing hills.  Many  hills  in  each  plot  had  a  less  number  of  stalks  than  was  intended. 
The  number  of  hills  in  each  plot  containing  one  or  more  stalks  was  counted,  and  the 
yield  per  acre  estimated  as  if  the  missing  hills  had  yielded  corn  equal  to  those  hills 
that  grew.  Plots. — 454  feet  X  7i  feet  =  12^-  square  rods.  (Fertilizers  applied  at 
rate  of  one-tenth  acre  for  each  bag.)  Bows,  3f  feet  apart.  Hills,  3f  feet  apart.  Planted, 
May  29.  Harvested,  October  25  and  26.  Pounds  allowed  for  a  bushel  of  produce,  70  of 
good  ears,  140  of  poor  ears. 

E.  1879.     Experiment  with  corn;  also  by  Mr.  Saye,  but  on  another  field  of  the  same 

farm. 

Soil. — Upland  northern  slope,  gravelly  loam,  thin  turf,  compact,  dry.  Depth  of 
surface  soil  5  inches.  Subsoil,  yellow  and  heavy.  Previous  treatment  and 
yield. — No  manure,  one-half  ton  hay  in  1876  and'77  ;  no  manure,  three-fourths  ton  hay 
'78.  Fertilizers,  how  applied. — Sowed  broadcast  on  each  row,  except  unmauured 
rows,  which  were  3  feet  9  inches  wide.  Plots,  440  feet  by  3  feet  9  inches  =  6-fe  square 
rods.  Crop,  corn.  Poivs,  3  feet  9  inches  apart.  Hills,  3  feet  9  inches.  Planted,  May  25. 
Harvested,  first  week  in  November,  70  pounds  in  ear  per  bushel.  Tillage.  Other  re- 
marks.— This  report  includes  only  three  unmanured  rows.  For  20  rows  each  alter- 
nate row  was  without  manure,  so  that  the  first  10  rows  with  manure  had  10  row.* 
without  manure  between  them,  and  had  I  saved  rows  enough  for  the  whole  16  rows 
of  the  experiment,  I  should  have  separated  every  row  where  manure  was  put  by  or 
with  a  row  where  no  manure  was  put. 

F.  1879.     John  B.  Mead,  Randolph,  Orange  County,  Vermont. — Experiment  with 

Corn. 

Soil. — Base  of  hill  southeast  slope.  Kind,  dark  loam,  with  some  clay,  light  when  dry^ 
Dry  or  wet,  variable  with  the  season,  dry  enough  for  corn.  Depth,  4-8  inches.  Subsoil, 
somewhat  hard  and  compact.  Previous  treatment  and  yield. — Run  out  meadow 
with  —  ton  to  half  a  ton  of  hay  per  acre.  Plowed  in  1878  and  sowed  .to  oats  with 
nomanure;  yield,  25  bushels.  Weather. — Cold  and  backward  in  spring  and  early 
summer:  worst  season  for  corn  in  this  section  for  20  vears.  Size  of  plots. — Eight 
squarerods.  Planted.  May  26.  Harvested,  October  8.  Fertilizers  applied  broad- 
cast by  hand,  being  careful  that  each  plot  received  its  own  and  no  more.  Planting 
and  tillage. — Thoroughly  worked  with  harrow  before  application  of  fertilizers  ;  seed 
planted  with  horse  planter  in  hills  about  2  feet  apart.  Cultivated  twice  and  kept 
free  from  weeds  by  hand-hoeing.  Other  remarks. — The  labor  was  less  than  usual 
in  corn  raising.  The  season  being  unfavorable,  the  crop  was  small,  but  the  experi- 
ment has  taught 'me  much  that  is  valuable  to. me,  and  if  it  will  repeat  itself,  as  I 
think  it  will  repeat  itself,  it  will  be  worth  thousands  of  dollars  upon  my  farm. 

G.  1880.     Prof.  W.  H.  Jordan,  Maine  Agricultural  and  Mechanical  College.  Orouo. 

Me. — Experiment  with  Corn. 

Soil. — Upland  quite  level.  Kind,  clayey  loam,  with  a  strip  across  somewhat 
lighter,  with  small  stones  very  similar  to  A.  1878.  Dry  or  wet,  medium.  Previous 
treatment.  —  Pasture.  Weather. — A  very  dry  season,  indeed,  until  about  the  last 
of  August.  The  drought  injured  the  crop  very  much.  Fertilizers,  how  applied. — 
In  hill,  with  thorough  mixing  with  soil.  Tillage. — The  land  was  plowed  in  the 
spring  just  before  planting  and  pulverized  with  a  Randall  harrow.  The  laud  had 
also    been  plowed  tin   fall  previous.     Thorough  tillage  was  kept  up  during  growing 
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H.  1880.     Edward  Hicks,  Old  Westbnry,  .Queens  County,  New  York. — Experiment 

with  Corn. 

Soil. — Level,  sandy  loam,  dark  color,  light  and  loose.  Dry  or  wet.  Dry.  Depth, 
of  surface  soil,  6-8  inches.  Subsoil,  yellow  loam.  Weather. — Dry,  though  very 
favorable  ;  crop  throughout  the  island  unusually  heavy.  The  drought  had  no  per- 
ceptible effect  upon  the  growth  of  the  corn.  Fertilizers,  how  applied. — The  ground 
wras  laced  out  3  feet  9  inches  apart,  with  a  light  lace  and  the  fertilizer  for  each  plot 
was  put  in  a  pail  and  the  pa>l  filled  with  dry  earth  and  thoroughly  mixed  with  the 
fertilizer;  this  gave  an  even  quantity  to  apply  to  each  plot  on  the  lace  marks.  The 
corn  planter  opening  a  furrow  through  the  lace  marks,  stirred  the  fertilizer  and  soil 
together.  Tillage. — The  corn  ground  was  smoothed  with  a  plank  drag  and  har- 
rowed twice  after  the  corn  wasup,  then  cultivated  twice,  leaving  the  ground  perfectly 
level.  It  was  hoed  and  thinned  out  at  the  same  time,  leaving  the  plants  10  to  12  inches 
apart.  Other  remarks. — The  corn  was  not  husked  till  November  24-30,  and  as  some 
of  the  stalks  were  blown  down  and  wet  we  did  not  weigh  the  stalks.  The  stalks 
appeared  to  be  very  uniform  throughout  the  whole  of  the  plots.  Since  reading  your 
remarks  in  the  American  Agriculturist  about  the  length  of  plant  roots,  I  think  that 
a  vacant  plot  should  be  between  every  fertilized  plot.  My  unmanured  plots  were  too 
narrow.  I  do  not  think  they  would  have  yielded  near  as  well  had  they  been,  say,. 
four  rows  wide,  and, to  take  account  of  only  the  two  middle  rows.  The  second  and 
third  plot  got  mixed  in  cutting  up  the  corn  on  one  end  of  the  plots,  and  the  figures 
for  them  are  not  as  exact,  having  to  estimate  from  the  other  end  of  the  two  plots, 
No  width  was  allowed  except  width  of  the  rows  3  feet  9  inches. 

P.  1881.     Hicks,  as  above. — Experiment  with  Com. 

Soil.— Dead  level.  Kind,  sandy  loam,  light.  Dry  or  wet,  dry.  Depth  of  surface 
soil,  7-9  inches.  Subsoil,  yellow  loam,  4-8  inches,  then  gravel.  Previous  treat- 
ment and  yield. — Corn,  succeeded  by  potatoes  and  oats:  then  winter  wheat  and  rye,, 
seeded  with  timothy  and  clover;  mowed  three  years,  then  pasture  one  or  two  years* 
Weather. — Planted  18th  to  20th  of  May  ;  ground  in  good,  warm  condition.  June,  fa- 
vorable ;  little  too  cool.  July,  dry.  August,  very  dry.  Very  unfavorable  the  last  half 
of  the  growth  of  the  crop.  Fertilizers,  how  applied. — Broadcast  on  six  rows,  so 
that  the  outside  rows  did  not  have  any  fertilizer  on  the  outside  of  the  row.  Each  bag 
was  mixed  thoroughly  with  sifted,  damp  earth,  to  bring  the  quantity  of  each  bag  to 
two  large  parts  full.  A  pailful  was  applied  to  each  three  rows ;  the  damp  earth 
helped  to  prevent  the  wind  from  blowing  the  dry  fertilizers.  Tillage. — Albany  corn,, 
planted  with  a  weighted  wheel  to  follow  and  press  the  earth  firmly  upon  the  seed. 
U6ed  a  smoothing  harrow  as  soon  as  the  corn  was  six  inches  high.  Cultivated,  then 
hoed  and  thinned  out  to  one  plant  to  10  to  12  inches.  Worked  out  the  corn  twice 
with  riding  Disc  harrow ;  this  hilled  up  the  corn  perhaps  too  much.  Other  re- 
marks.—By  referring  to  diagram  of  unmanured  plots  you  will  observe  that  the  north 
end  of  the  plots  yield  very  much  more  than  the  others.  You  will  also  observe  that 
plot  6c,  mixed  minerals,  is  much  larger  in  yield  than  the  other  plots,  6,  6a,  66,  mixed 
minerals,  which  are  quite  uniform.  I  attribute  it  to  either  having  had  potatoes 
planted  on  the  north  side  of  the  field  adjoining  the  fence  the  last  time  it  had  pota- 
toes and  oats,  about  seven  years  ago,  or  to  snow-banks  lying  there,  or  both  ;  it  is  where 
we  had  potatoes,  I  have  no  doubt,  as  they  were  manured  very  heavily.  Now  this 
makes  a  want  of  uniformity  in  the  soil,  and  plots  Nos.  \  and  6  are  hot  a  correct  yield 
from  the  fertilizer  applied.  Perhaps  plots  Nos.  2  and  15  are  also  a  little  affected  by  it 
I  take  the  average  of  unmanured  plots  on  the  east  side  for  No.  0.  and  on  the  west 
Hide  for  No.  00. 

I.  1880.     Charles  Fairchild.  Middletown,  Conn. — Experiment  with  Corn. 

Soil. — Upland  level,  sandy  loam,  light,  and  loose.  Dry  or  tvet,  dry,  decidedly. 
Depth  of  surface  soil,  about  6  inches.     Subsoil,  sandy  and  gravelly.     PREVIOUS  treat- 
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rIent  and  yield. — Previous  to  1877  tlie  rield  was  an  old  pasture,  thoroughly  rim  out 
and  already  infested  with  hushes ;  it  had  not  been  plowed  for  twenty  years  or  more. 
Weather. — May,  very  dry;  severe  drouth.  June,  very  dry,  but  some  showers.  July, 
^considerable  wet  weather  early  in  the  month.  August,  fine  growing  weather ;  on  the 
whole  very  favorable  for  corn.  Fertilizers,  how  applied. — Sowed  broadcast  and 
liarrowed  in.  Between  each  two  plots  was  left  an  unmanured  strip  two  feet  wide; 
that  is,  the  fertilizers  were  spread  so  as  to  cover  8£  feet  of  the  10^  feet  of  the  width  of 
the  plot,  thus  leaving  a  foot  on  each  side  of  each  plot,  or  a  strip  two  feet  wide  between 
each  two  plots  unmanured.  Tillage, — Planted  4  kernels  in  each  hill;  hills  3^  feet 
apart  each  way;  cultivated  both  ways  four  times;  not  hand-hoed.  Other  re- 
marks.— Neither  nitrogen  nor  potash  alone  seemed  to  help  much,  but  with  other  ma- 
terials each  increased  the  yield.  In  other  cases  muriate  of  potash  alone  has  proved 
very  efficient. 

I,  1881. — Experiment  with  Corn. 

Soil. — Upland,  level  sandy  loam,  light.  Dry  or  wet,  dry.  Depth  of  surface  soil,  5-6 
inches.  Subsoil,  sandy  and  gravelly.  Previous  treatment  and  yield.  Pasture, 
Weather. — Favorable.    Fertilizers,  how  applied. — Broadcast. 

I.  1881. — Experiment  with  potatoes. 

Soil. — Similar  to  I,  1881,  with  corn.  Weather. — May,  warm,.  June,  cold  and  wet. 
-July,  warm  and  dry.  August,  warm  and  dry.  Fertilizers,  how  applied. — Broad- 
cast. Tillage. — Planted  in  drills  3£  feet  apart,  2  feet  in  row.  The  potatoes  were  cut 
in  small  pieces,  with  two  eyes  in  a  pitce,  and  one  piece  in  a  place.  Hoed  by  hand 
once,  cultivated  with  horse  hoe  three  times. 

K.  1880.     William  C.  Newton,  Durham,  Conn, — Experiment  with  Com. 

Soil. — Upland  slope  to  northeast,  dark  loam,  few  stones.  Dry  or  wet,  moist. 
Depth  of  surface  soil,  5-6  inch.  Subsoil,  yellow  loam,  some  stones,  Previous  treat- 
ment and  yield. — 1876,  corn  with  a  hundred  pounds  guano  per  acre,  yielded  about 
150  bushels  of  ears  per  acre.  1875,  corn,  1  ton  of  fish  scrap  per  acre  yielded  about 
125  bushels  ears  per  acre.  1874.  1  ton  of  fish  scrap  per  acre  yielded  about  110  bush- 
els per  acre.  I  think  in  1876  there  were  some  German  potash  salts  applied,  do  not 
know  the  quantity.  Weather. — Season  favorable  for  corn.  Fertilizers,  how  ap- 
plied.—Special  nitrogen  set  half  size,  ajjplied  broadcast.  Tillage. — Hand  hoed  once, 
cultivated  twice,-  which  kept  the  ground  free  from  weeds.  Plowed  between  the 
different  plots  in  order  to  cut  the  roots  and  prevent  them  feeding  on  the  adjoining 
plot. 

L.  1881.  Also  by  Mr.  Newton.  Adjoining  x>ortion  of  the  same  field  as  the  ex- 
periment of  1880, 

M.  1881.     Prof.  C.  L.  Ingersoll,  La  Fayette,  Ind. — Experiment  with  Corn. 

Soil. — First  level  or  bluft'  100  feet  above  level  of  Wabash  River ;  black  soil,  similar 
to  prairieg,  but  with  less  organic  matter;  finely  divided  and  sticky  when  wet. ;  bakes 
Avhen  dry.  Dry  or  wet,  naturally  dry  ;  well  drained.  Depth  of  surface  soil  8  to  24 
inches.  Subsoil,  gravel  30  to  90  feet  deep.  Best  suited  for  corn  and  wheat.  Corn  varies 
from  30  to  40  bushels  per  acre ;  wheat  18  to  30  per  acre.  Previous  treatment  and  yield. 
— Treatment  not  known  previous  to  1878;  supposed  in  grass,  either  meadow  or  pasture, 
for  four  years  at  least.  1878,  pasture.  1879,  pasture.  1880,  corn  ;  38.7  bushels  per 
acre.  Weather. — April,  cold  first  half,  warm  second  half.  Rather  dry  ;  2.25  in.  rain- 
fall. Frost  to  the  17th.  May,  warm  except  first  week  ;  rain-fall,  3.82  inches.  Drought 
from  May  15  to  June  5.     June,  warm  and  wet  from  5  to  20.     Rain-fall,  7.16  inches.     No 
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rain  except  twice  from  July  2'2  to  .September  2.  Rain-tail  2.~>  inches,  in  10  days'* 
hot  and  dry.  Temperature  1<>'.^°  for  two  days.  August,  very  hot  and  dry  :  temperal 
100°  or  over  for  10  days.  Highest  temperature,  10?-.  Rain-fall,  0.4?  inch.  Very  un- 
favorable season  for  the  crop.  Fertilizers,  how  applied. — Applied  by  hand  after 
•nixing  with  about  twice  its  bulk  of  earth.  Distributed  a  foot  on  either  side  of  the  row. 
Tillage  and  plantixo.  Planted  by  hand  in  hills  4  feet  '2  inches  apart  each  way. 
In  rows  for  cultivation  in  two  directions.  Tillage  by  horse.  Othek  REMARKS. — Land 
plowed  May  9]  harrowed  once.  May  11.  with  smoothing  harrow.  Planted  May  12,  6 
and  ?  grains  in  a  hill.  Fertilizers  applied  May  14  :  cultivated  rive  times.  No  unma- 
tured strips  between  plots,  except  in  Nos.  1  and  20,  Hand  OOofcom  plan.     Scatter  ng 

weeds  hoed  out  July  9;  corn  cut  October  1  and  3.     Husked  October 8  and  weighed  < ,,_ 
tober  15. 

M.  1881.  Potatoes.  Similar  to  corn.  1881,  in  respect  to  soil,  weather,  and  applica- 
tion of  fertilizers.  Planted  by  hand  in  hills  1  foot  4  inches  apart  in  rows  for  culti- 
vation in  one  direction.  Tillage  by  horse  and  by  hand.  Potatoes  cut  in  about  six 
pieces  and  two  dropped  in  a  place.  Rows  33  inches  apart.  Cultivation  only  north 
and  south.  Other  rkmarks. — Land  plowed  April  22:  harrowed  once  with  smooth- 
ing harrow.  Planted  April  23  ;  cultivated  rive  times.  Hoed  June  11  and  May  18.  No 
unman  u  red  plots  except  0  and  00.  Five  feet  width  between  these  and  the  manured 
plots.  Potatoes  dug  and  weighed  September  24.  Unfortunately  part  of  our  seed 
was  mixed,  and  hence  the  results  are  not  as  accurate  as  we  would  wish. 

N.  1881.  C.  E.  Thorne,  farm  manager,  Ohio  State  University.  Columbus,  Ohio. — Ex- 
periment with  Corn. 

Soil. — Level  upland,  clayey  loam,  dark,  medium  amount  of  vegetable  matter. 
siDrift7'  formation  from  Huron  shale  moderately  compact,  thoroughly  drained  in  April 
and  May.  Dry  or  net,  wet  before  drainage.  Depth  of  surface  soil,  owing  to  the  forma- 
tion the  division  between  the  surface  soil  and  subsoil  is  not  distinctly  marked.  The 
plow  has  been  lowered  to  12  inches  without  increase  of  crop.  Subsoil,  about  18  inches 
below  surface  of  bowlder  clay  :  very  retentive.  Previous  treatment  and  yield. — 
1876  sowed  to  grass,  but  it  failed  to  take  :  1877  corn.  Weather. — April,  cold  and  wet ; 
•luring  the  first  half  a  heavy  snow  covered  the  ground;  closed  dry.  May  dry.  June 
dry;  one  good  rain  about  the  10th.  July  dry:  light  rains  latter  part  of  month.  August 
dry.  Season  so  dry  as  to  cause  a  loss  of  50  per  cent,  in  yield.  Fertilizers,  how 
applied. — The  fertilizers  were  spread  by  hand  in  strips 2^  to  3  feet  wide,  having  the 
corn  row  as  the  center  of  the  strip.  The  rows  were  of  such  length  that  three  rows  oc- 
cupied .Ar  acre  of  land.  The  stable  manure  was  spread  in  a  continuous  strip,  occupy  - 
ing  the  whole  width  of  the  plot.  .  Tillage.  —  The  corn  was  planted  east  and  west) 
with  a  two-horse  corn-planter,  on  the  26th  of  May.  It  was  cultivated  four  times  during 
the  season  with  a  two-horse  cultivator. 

O.  1881.     J.  W.  Pierce,  West Millbury,  Mass. — Experiment  with  Corn. 

Soil. — Upland,  nearly  level, except  southwest  corner,  which  is  on  hill-side;  clay  and 
gravelly  loam:  color  light,  with  yellow  subsoil,  light  and  mellow  in  texture.  Dry  or 
•cet.  dry,  but  does  not  surfer  from  drought.  Depth  of  surface  soil,  from  0  to  7  inches. 
Subsoil,  gravelly,  with  some  clay.  Previous  t  re  at: mem  and  yield. — Most  of  it 
manured  and  planted  with  corn  in  1875;  oats,  without  manure,  in  1876;  clover,  with- 
out manure,  in  1877.  Weather. — April,  wet.  May,  first  half  warm,  last  half  wet  and 
cold.  June,  wet  and  cold.  July  dry.  but  cloudy  and  cold.  August,  first  part  cold,  last 
part  warm:  and  September,  warm  and  dry  :  on  the  whole  cold  and  unfavorablelorcoru. 
Fertilizers,  how  applied. — Sown  broadcast  and  harrowed  in  with  wheel  harrow. 
The  small  messes  were  mixed  with  enough  damp  sawdust  to  make  the  bulk  of  each 
bag  about  the  same,  and  sown  thicker  in  center  of  plots  than  at  sides.  In  plant- 
ing the  ground  was  marked  both  way>  '■)      feet  apart,  or  25  hills  to  the  square  rod. 


140  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 

Tillage.  It  was  cultivated  three  times  each  way ;  hoed  once,  and  horse  hoed  both 
ways  when  just  tasseling,  August  8.  Other  remarks. — These  plots  have  a  south- 
west aspect. 

Q.  1881.  Samuel  Johnson,  Agricultural  College,  Lansing,  Mich. — Experiment  with 

Corn. 

Soil. — Level  upland,  sandy  loam,  except  about  £  of  each  plot  at  the  east  end,  which 
is  clayey  loam.  Texture,  light  and  loose  ;  drained.  Dry  or  wet,  dry,  but  withstands 
drought  well.  Depth  of  surf  ace  soil,  about  8  inches.  Subsoil,  mostly  sandy  or  gravelly; 
clay  at  east  end  of  plots.  Previous  treatment  and  yield. — In  1874  corn  ;  1875 
roots,  with  good  dressing  of  barn-yard  manure ;  1876  oats ;  1876-'77  wheat  and  seeded  to 
clover.  Weather. — April,  cold  and  wet.  May,  favorable.  June,  rains  on  8th  and  12th ; 
15th  to  23d,  cold,  with  some  showers;  27th  rain  ;  too  cold  during  month  for  corn.  July, 
rain  on  7th;  latter  part  too  cold:  entirely  too  dry.  August,  rain 5th  and  18th  ;  warm, 
but  too  dry.  Unfavorable  on  the  whole.  Fertilizers,  how  applied. — By  hand, 
then  thoroughly  harrowed  into  the  soil  with  a  Thomas  smoothing  harrow  before 
planting.  Each  plot  consisted  of  a  single  row,  which  was  unmanured  10  feet  on 
either  side,  making  the  manured  strip  4  feet  wide.  An  unmanured  strip  4  feet  wide 
Avas  left  between  each  plot  of  corn.  The  corn  was  planted  in  hills  4  feet  apart  in  the 
row ;  the  rows  were  8  feet  apart ;  that  is,  every  other  row  was  left  vacant.  Tillage. — 
The  crop  was  cultivated  five  times.  A  few  weeds  were  pulled  late  in  the  season. 
Other  remarks. — The  shelled  corn  is  estimated  from  average  samples  of  the  good 
corn,  which  were  thoroughly  dried  and  shelled  January  9, 1882.  The  shelled  corn 
averaged  nearly  71  percent,  of  the  fresh  corn  in  the  ear,  owing  to  wet  weather  previous 
to  husking;  neither  corn  nor  fodder  was  very  dry  when  husked. 

S.  1881.  Prof.  W.  C.  Stubbs,  Auburnr  Lee  County,  Ala. — Experiment  with  Cotton, 

Soil. — Level  upland,  sandy,  with  small  quantity  of  vegetable  matter;  light,  well 
drained.  Dry  or  wet,  very  dry.  Depth  of  surface,  4 to  6  inches.  Subsoil,  reddish  yel- 
low clay.  Previous  treatment  and  yield. — It  had  been  pastured.  Bermuda  grass 
had  grown  up  here  and  there  in  patches,  but  was  nearly  all  removed  by  hand,  and 
hoed  before  experiment.  Weather. — May,  planted;  seasonable.  June,  seasonable. 
July,  long  drought,  but  on  account  of  late  planting  did  but  little  damage.  August? 
showery  and  seasonable.  On  whole,  rather  unfavorable  season.  Fertilizers,  how 
applied. — In  drill,  and  bedded  on  them.  Three  rows  3  feet  wide  to  each  experi- 
ment. Each  parcel  of  fertilizer  weighed  into  three  equal  parts.  Mixed  evenly  with 
dry  earth,  and  applied  as  carefully  as  a  skilled  hand  could  do  it.  Tillage  and 
planting. — Planted  with  ordinary  cotton-planter.  Chopped  to  a  stand,  and  culti- 
vated with  cultivator  sweep  and  hiller.  Other  remarks. — Only  a  fair  stand  was 
obtained.  Cotton  planted  too  late,  on  account  of  detention  of  fertilizers  "in  transitu  " 
from  New  York. 

S.  1881.  J.  M.  Manning,   Raynham,   Taunton.    Bristol  County.   Mass. — Experiment 

with  Clover. 

Soil. — Upland,  with  gentle  slope  to  the  east,  southeast,  and  northeast ;  sandy  loam  : 
some  gravel  aud  small  stones  on  south  side,  loose ;  lower  corner  northeast  more  com- 
pact. Dry  or  wet,  medium.  Depth  of  surface,  6  or  7  inches.  Subsoil,  yellow  sand. 
I'hi'.vious  treatment  and  yield. — A  small  crop  of  grass  taken  off  each  year  for  sev- 
eral years,  and  no  manure  applied.  Weather. — April,  wet.  May,  wet;  third  week 
vfi  v  rainy.  June,  wet;  rain  on  the  2d,  3d,  7th,  8th,  10th,  19th,  26th,  and  30th.  On  the 
28th  three  heavy  showers.  July,  light  shower  on  the  2d,  4th,  and  8th  ;  heavy  shower 
on  th»!  2 1st ;  last  week  cloudy  and  rainy.  August,  dry  ;  last  part  hot.  The  first  part 
of  the  season,  May  and  June,  very  hot,  which  occasioned  delay  in  seeding.     July  fa- 
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vorable;  August  and  first  half  of  September  too  dry.  Fertilizers,  how  applied. — 
Bushed  in  the  seed,  driving  lengthwise  of  the  plots,  and  rolled  the  ground.  Mowed 
the  grass  with  a  machine  September  16,  driving  directly  across  the  plots,  north  and 
south.  Raked  each  plot  separately,  by  setting  up  five  stakes  in  a  line  between  two 
plots,  and  moving  each  stake  three  paces  or  9  feet  as  we  came  to  it  in  raking.  I. 
Spread  the  fertilizer  uniformly,  leaving  a  strip  three-fourths  of  a  foot  wide  between 
each  plot  unmanured  ;  harrowed  the  ground  lengthwise  of  the  plots.  These  extended 
east  and  west,  at  right  angles  with  those  in  the  experiments  of  the  previous  years. 
III.  The  very  heavy  showers  on  the  28th  of  June,  three  days  after  sowing  the  seed, 
washed  some  of  it  away,  and  into  hollow  places,  and  probably  some  of  the  fertilizer 
with  it.  Other  details. — At  intervals  on  plot  No.  5,  about  one-third  of  its  area  in 
all,  notkiug  came  up,  scarcely  a  weed.  The  ground  was  nearly  level,  yet  possibly 
the  bush  dragged  the  seed  into  the  hollow  places.  I  have  added  to  the  actual  weight 
of  hay  on  this  plot  one-half  its  weight,  to  make  up  for  the  vacant  places.  The  clover 
came  up  quite  uniformly  on  the  other  plots,  though  it  did  not  make  a  large  growth, 
on  account  of  the  late  sowing  and  dry  weather  in  August.  Weeds  were  thrown  out. 
Considerable  fine  grass  came  up  of  its  own  accord  among  the  clover.  September  21 
carted  the  hay  into  the  barn  and  weighed  it.  The  hay  was  dry  and  of  good  quality 
for  producing  milk. 
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DEPARTMENT    OF    AGRICULTURE,  COMMISSIONER'S    OFFICE. 

The  following  paper,  prepared  for  this  country  and  read  before  the 

American  Association  for  the  Advancement  of  Science,  in  August,  1882. 

is  considered  an  important  addition  to  the  views  of  Professor  Atwater 

contained  in  this  volume. 

GEO.  B.  LORING, 

Commissioner. 


DETERMINATIONS   OF    NITROGEN  IN  THE  SOILS  OF  SOME  OF  THE  EX- 
PERIMENTAL FIELDS  AT  ROTHAMSTED, AND    THE  BEARING   OF  THE 
RESULTS  ON  THE  QUESTION  OF  THE  SOURCES  OF  THE  NITROGEN  OF 
OUR  CROPS. 

By  Sjr  John  Bennett  Lawes.  Bart.  LL.  D.,  F.  R.  S.,  F.  C.  S.,  and  Joseph  Henry 

Gilbert.  Ph.  D.,  F.  R.  S.,  F.  C.  S.,  F.  L.  S. 

It  is  just  about  a  century  since  the  question  of  the  sources  of  the 
nitrogen  of  vegetation  became  a  subject  of  experimental  inquiry,  and 
also  of  conflicting  opinion.  It  is  nearly  half  a  century  since  Bous- 
singault  was  led  by  a  study  of  the  chemistry  of  agricultural  production 
to  see  the  importance  of  determining  the  sources  of  the  nitrogen  pe- 
riodically available  to  vegetation  over  a  given  area  of  land.  Somewhat 
later,  the  Rothamsted  experiments,  now  in  their  fortieth  year,  were 
commenced,  and  in  their  progress  many  facts  have  been  elicited  bearing 
upon  the  same  subject.  Still,  almost  from  the  date  of  Boussingault's 
first  investigations,  the  question  has  been  one  of  controversy,  and  at 
the  present  time  very  conflicting  views  are  entertained  respecting  it. 

For  ourselves,  we  have  pointed  out  how  entirely  inadequate  is  the 
amount  of  combined  nitrogen  coming  down  in  the  measurable  aqueous 
deposits  from  the  atmosphere  to  supply  the  nitrogen  of  the  vegetation 
of  a  given  area.  Other  possible  supplies  of  combined  nitrogen  from 
the  atmosphere  have  also  been  considered  and  pronounced  inadequate. 
Again,  the  question  whether  or  not  plants  assimilate  the  free  or  uu- 
combined  nitrogen  of  the  atmosphere  has  been  the  subject  of  laborious 
experimental  inquiry,  and  also  of  critical  discussion,  at  Rothamsted. 
Finally,  the  question  whether  the  stores  of  the  soil  itself  are  au  im- 
portant source  of  the  nitrogen  of  our  crops  has  frequently  been  con- 
sidered. 

It  may  at  the  outset  be  frankly  admitted  that  so  long  as  the  facts  of 
production  alone  are  studied,  without  knowledge  of,  or  reference  to,  the 
changes  in  the  stock  of  the  nitrogen  m  the  soil,  it  would  seem  essential 
to  assume  that  a  large  proportion  of  the  nitrogen  of  crops  growing 
without  any  direct  supply  of  it  by  manure  must  be  derived,  in  some 
way  w  other,  from  atmospheric  sources.     The  assumption  which  is  most 
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in  favor  with  some  prominent  writers  is,  that  whilst  some  plants  de- 
rive most  or  all  of  their  nitrogen  from  the  stores  of  the  soil  itself,  or 
from  manure  applied  to  it,  others  derive  a  large  proportion  from  the 
free  nitrogen  of  the  atmosphere.  We,  on  the  other  hand,  whilst  freely 
admitting  that  the  facts  of  production  are  not  conclusively  explained 
thereby,  have  maintained  that  such  collateral  evidence  as  the  deter- 
minations of  nitrogen  in  our  soils  afford,  is  in  favor  of  the  supposition 
that  the  soil  may  be  the  source  of  the  otherwise  unexplained  supply  of 
nitrogen.  This  latter  conclusion  we  have  frequently  stated  in  general 
terms,  but  we  have  not  hitherto  published  the  numerical  results  upon 
which  it  is  based.  Fairly  enough,  it  has  been  objected  that  such  an 
important  conclusion  cannot  be  accepted  without  the  numerical  evi- 
dence to  support  it.  Further,  erroneously  interpreting  our  statements* 
calculations  have  been  made  to  show  that  it  is  quite  beyond  the  reach 
of  present  methods  of  determination  of  nitrogen  in  soils  to  afford  re- 
sults justifying  the  conclusions  we  have  drawn.  Since  this  subject  of 
the  sources  of  the  nitrogen  of  our  crops  has  been  much  discussed  in 
America,  it  has  been  thought  that  it  would  not  be  inappropriate  to 
answer  the  challenge  by  bringing  forward  some  of  the  numerical  evi- 
dence we  have  accumulated  before  this  meeting  of  the  American  Asso- 
ciation for  the  Advancement  of  Science,  and  to  do  this  is  the  object  of 
the  present  communication. 

Before  calling  attention  to  the  special  results  in  question,  it  will  be 
necessary,  however,  to  convey  a  clear  idea  of  the  problem  to  be  solved,, 
by  recapitulating  some  of  the  important  facts  which  have  been  estab- 
lished as  to  the  amount  of  nitrogen  yielded  over  a  given  area  by  differ- 
ent crops.  In  his  original  inquiries  Boussingault  estimated  the  amounts 
of  nitrogen  supplied  by  manure  and  removed  in  the  crops  in  ordinary  ag- 
ricultural practice.  This  mode  of  estimate  is  also  the  one  generally 
adopted  by  others,  and  we  have  ourselves  not  neglected  it.  But  it  is  ob- 
vious that  the  results  of  experiments  in  which  different  crops  have  been 
grown  for  very  many  years  in  succession  on  the  same  land,  bo  th  separately 
and  in  actual  course  of  rotation,  and  both  without  nitrogenous  manure 
and  with  known  quantities  of  such  manure,  must  afford  very  important 
data  as  to  the  amounts  of  nitrogen  available  to  vegetation,  from  soil  and 
atmosphere,  over  a  given  area.  The  Rothamsted  field  experiments  are 
pre-eminently  adapted  to  provide  such  data.  Thus,  wheat  has  now  been 
grown  for  thirty-nine  years  in  succession  on  the  same  land  ;  barley  for 
thirty-one  years  :  wheat  in  alternation  with  fallow  thirty-one  years  \ 
beans  for  nearly  thirty  years;  clover  for  many  years;  turnips,  sugar- 
beet,  or  mangels  nearly  forty  years  :  whilst  experiments  on  the  mixed 
herbage  of  grass-land  have  been  continued  for  i  wenty-seven  years,  and 
on  an  actual  course  of  rotation  for  thirty-five  years.  ^Ve  have,  from 
time  to  time,  published  what  we  may  call  the  nitrogen  statistics  of  the 
crops  so  grown;  and  we  have  compared  these  facts  of  production  with 
what  is  known  of  the  sources  of  nitrogen  available  to  the  crops. 
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YIELD    OF   NITROOEN   IN   DIFFERENT    CROPS. 

The  following  table  (I)  shows  the  yield  of  nitrogen  per  acre  per  an- 
num in  wheat,  barley,  root,  crops,  beans,  clover,  and  in  ordiuary  rota- 
tion, in  each  case  without  any  nitrogenous  manure.  It  will  be  observed 
that  only  in  the  case  of  the  root  crops  is  the  record  brought  down  to  a 
later  date  than  1875.  Independently  of  the  fact  that  the  requisite  nitro- 
gen determinations  are  not  yet  completed  for  the  subsequent  period,  it 
has  been  decided  ihat  owing  to  the  number  of  very  exceptionally  un- 
favorable seasons  for  corn  crops  which  have  occurred  since  1875,  it 
would  be  fallacious  to  bring  the  results  for  those  crops  in  the  later  sea- 
sons as  illustrating  the  falling  off  of  yield  due  to  soil  exhaustion. 

Table  I. — Yield  of  nitrogen  per  acre,  per  annum,  in  various  crops  at  Rothamsted,  without 

nitrogenous  manure. 


Crop,  &c. 


Wheat 


Barley 


Koot  crops. 


Condition  of  manuring,  <fec. 


TJnmanured 


Complex  mineral  manure . 
TJnmanured 

Complex  mineral  manure. 


Turnips 

(Barley) 

Complex  mineral  manure. . .  <>  lugarteet: 


Beans 


Clover. 

Barley. 
Clover 

Barley 


Rotation  . 
7  courses. 


Mangles 
Total 


TJnmanured. 


Complex  mineral  manure. 


i 


TJnmanured , 

Complex  mineral  manure 

>  TJnmanured 5 

u— * [UKftSS::. 

Barley  after  clover  more  than  after  barley . 

1 .  Tut  nips 1 

2.  Barley 1       C  TJnmanured 

3.  Clover  or  beans .  f  "  \  Superphosphate  . 

4.  Wheat J 


Duration    of    ex- 
periment. 


Average  ni- 
trogen per 
acre  per 
annum. 


8  years,  1844-'51  . 
12  vears,  1852-'63  . 
12  vears,  1864-75  . 
24  years,  1852-75  \ 
32  years,  1844-75  . 
12  years,  1852-63  . 
12  years,  1864-75  . 
24  years,  1852-75  . 
12  years,  1852-'63  . 
12  years,  1864-75  . 
24  vears,  1852-75  . 
12  years,  1852-'63  . 
12  years,  1864-75  . 
24  years,  1852-75  . 

8  years,  1845-'52  . 

3  years,  1853-55  . 
15  years,  1856-701 . 

5  years,  1871-75  . 

5  years,  1876-'80  . 
36  years,  1845-80  . 
12  years,  18 17-'  58  . 
12  years,  1859-702. 
24  years,  1847-70  . 
12  years,  1847-58  . 
12  years,  1859-702. 
24  years,  1847-70  . 
22  years,  1849-70*. 
22  years,  1849-703. 

1  year,  1873 

1  year,  1873 

1  year,  1874 

1  year,  1874 


28  vears,  1848-75 
28  years,  1847-75 


Pounds. 

25.2 
22.6 
15.9 
19.3 
20.7 
27.0 
17.2 
22.1 
22.0 
14.6 
18.3 
26.0 
18.8 
•  22.4 
42.0 
(24.  3) 
18.5 
13.1 
15.6 
25.2 
48.1 
14.6 
3L3 
61.5 
29.5 
45.5 
30.5 
39.8 
37.3 
151.3 
39.1 
69.4 
30.3 

36.8 
45.2 


O)  Thirteen  years'  crop,  two  years  failed.     (3)  Nine  years'  beans,  one  year  wheat,  two  years'  fal- 
low.    (3)  6  years'  clover,  1  year  wheat,  3  years'  barley,  12  years'  fallow. 

YIELD  OF  NITROOEN  IN  WHEAT  AND  BARLEY. 


The  first  series  of  results  relate  to  the  vield  of  nitrogen  in  wheat 
grown  thirty -two  years  in  succession  on  the  laud  without  manure.  It 
is  seen  that  over  the  first  eight  years  the  yield  was  25.2  pounds  of 
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nitrogen  per  acre  per  annum,  over  the  next  twelve  years  22.6  pounds, 
and  over  the  last  twelve  of  the  32  years  only  15.9.  There  has  thus 
been  a  considerable  reduction  in  the  annual  yield  of  nitrogen  over  each 
succeeding  period  ;  and  for  the  third  period  of  twelve  years  the  aver- 
age is  less  than  two-thirds  as  much  as  for  the  first  period  of  eight 
years. 

Excluding  the  first  eight  years  of  the  growth  of  wheat,  the  average 
annual  yield  of  nitrogen  over  the  next  twenty-four  years  was  19.3  pounds 
per  acre  per  annum  :  and  the  table  shows  that  over  the  same  twenty - 
four  years,  barley  without  manure  yielded  18.3  pounds,  and  whilst  with 
the  wheat  the  decline  in  yield  was  from  22. 6  pounds  over  the  first 
twelve  of  the  twenty-four  years  to  15.9  over  the  second  twelve,  it  was 
with  the  barley  from  22.0  to  11.6  pounds,  or  almost  in  the  same  pro- 
portion. 

It  might  be  objected  that  here  the  evidence  is  not  conclusive  that  the 
falling  off  is  due  to  the  gradual  reduction  in  the  amount  of  nitrogen 
annually  available  from  the  soil.  But  the  results  with  the  two  crops, 
where  there  is  a  liberal  supply  of  mineral  constituents  every  year,  ex- 
clude the  supposition  that  the  decline  is  due  to  the  exhaustion  of  min- 
eral constituents.  Thus,  over  the  same  twenty-four  years,  with  a  com- 
plex mineral  manure,  such  as  is  very  effective  when  there  is  artificial 
supply  of  nitrogen  also,  the  yield  of  nitrogen  in  the  wheat,  falls  off  from  27.0 
pounds  per  acre  per  annum  over  the  first  twelve  years,  to  17.2  pounds 
over  the  second  twelve  years ;  and  that  in  the  barley,  over  the  same 
two  periods,  from  26.0  to  18.8  pounds.  The  similarity  in  the  actual  yield, 
and  in  the  rate  of  decline  of  yield,  of  nitrogen  over  the  same  periods  in 
these  two  closely  allied  crops,  though  growing  in  different  fields,  and  with 
somewhat  different  previous  manurial  history,  is  very  striking.  The 
slightly  higher  yield  in  both  cases  with  than  without  the  mineral  man. 
ure  is  doubtless  due  to  more  complete  utilization  of  the  previous  ac- 
cumulations within  the  soil,  and  not  to  increased  assimilation  from  at- 
mospheric sources. 

YIELD   OF   NITROGEN   IN   ROOT    CROPS. 

We  now  come  to  the  yield  of  nitrogen  by  plants  of  other  natural  fam- 
ilies, and  the  first  of  such  results  relate  to  the  so-called  "  root  crops" — 
turnips,  of  the  natural  order  Cruciferse,  and  sugar-beet,  and  mangel- 
wurzel  of  the  order  Chenopodiacere.  The  table  records  the  results  for 
thirty-six  years  in  succession,  1845-1880;  but  it  should  be  stated  that 
during  three  of  those  years  barley  was  interposed  without  any  manure 
in  order,  as  far  as  possible,  to  equalize  the  condition  of  the  land  before 
rearranging  the  manuring,  and  during  two  other  years  the  turnips  failed, 
and  there  was  no  crop.  It  should  be  further  explained,  that  without 
manure  of  any  kind  root  crops,  after  a  few  years,  give  scarcely  any  pro- 
7709 10 
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duce  at  all,  and  hence  the  results  recorded  are  those  obtained  by  the  use 
of  mineral  manures,  but  without  any  supply  of  nitrogen. 

During  the  first  eight  years  (four  years  Norfolk  whites  and  four  years 
Swedes)  the  turnips  gave  an  average  of  42  pounds  of  nitrogen  per  acre 
per  annum,  or  very  much  more  than  either  of  the  cereal  crops.  Daring 
the  next  three  years  barley  yielded  24.3  pounds,  or  even  somewhat  less 
than  the  yield  in  wheat  or  barley  with  mineral  manures  in  the  earlier 
years  of  their  continuous  growth.  During  the  next  fifteen  years  (thir- 
teen with  Swedish  turnips  and  two  without  any  crop)  the  yield  was  re- 
duced to  18.5  pounds;  during  the  next  five  years,  with  sugar-beet,  to 
13.1  pounds;  and  during  the  last  five  years,  to  1SS0  inclusive,  to  15.4 
pounds.  Lastly,  over  the  whole  thirty-six  years  the  average  annual 
yield  of  nitrogen  was  25.2  pounds. 

Here,  then,  compared  with  wheat  or  barley,  we  have  with  the  root 
crops,  the  growth  of  which  extends  much  further  into  the  autumn 
months,  a  much  higher  annual  yield  of  nitrogen  in  the  earlier  years, 
and  with  this  a  much  more  rapid  rate  of  decline  subsequently,  the  an- 
nualyield  over  the  last  ten  years  being  only  about  one- third  as  much 
as  over  the  first  eight  years,  whilst  the  yield  in  the  later  years  is  actu- 
ally less  than  in  either  wheat  or  barley  with  the  same  complex  mineral 
manure.  Here,  again,  the  marked  decline  in  the  yield  of  nitrogen ,  with 
liberal  mineral  manuring,  points  to  a  deficiency  in  the  available  supply 
of  nitrogen  itself  as  the  cause  of  the  deficient  assimilation  of  it  by  the 
crop. 

It  may  here  be  observed  that  those  who  maintain  that  the  atmosphere  is 
an  important  source  of  the  nitrogen  of  our  crops  assume  that  the  root 
crops,  if  provided  with  a  small  quantity  of  nitrogenous  manure  to  favor 
the  early  development  of  the  plant,  will  obtain  the  remainder  from  the 
atmosphere.  How  far  this  is  the  case  may  be  illustrated  by  the  follow- 
ing results,  which  are  the  average  of  five  years'  successive  growth  of 
mangel-wurzel  on  the  same  plots,  and  in  each  case  with  the  same  manure 
year  after  year. 

Table  II. — Average  produce  of  mangel-wurzel  jive  years,  1876 — 1880 


Roots.         Leaves 


Tons.  Ciots. 
3 .  Superphosphate  of  lime,  and  sulphate  potassium 4       10 

2.  As  1,  and  36|  pounds  ammonia  salts  (=7.8  pounds  X.) 6  0 

3.  As  1,  and  400  pounds  ammonia  salts  (=86  pounds  X.) 14         0 


Tons.  Cwts. 

1 

0 

1 

6 

2 

16 

Thus,  the  annual  application  of  about  7.8  pounds  of  nitrogen,  as  am- 
monia salts,  has  increased  the  crop  of  roots  by  only  30  cwts.  per  acre 
per  annum,  and  the  increased  yield  of  nitrogen  in  the  crop  was  even 
somewhat  less  than  the  amount  supplied  in  the  manure.  An  applica- 
tion of  86  pounds  of  nitrogen  has,  however,  increased  the  crop  by  160 
cwts.  more.     It  is  obvious  from  these  facts  that  the  small  application  of 
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nitrogen  did  not  enable  the  plant  to  take  up  any  from  atmospheric 
sources,  and  that  it  required  further  direct  supply  of  nitrogen  to  obtain 
further  increase  of  crop.  These  results  obviously  afford  confirmation 
of  the  view  that  it  was  a  reduction  of  the  available  supply  of  nitrogen 
within  the  soil  that  was  the  cause  in  the  decline  in  the  annual  yield  of 
the  crop  and  of  the  amount  of  nitrogen  contained  in  it. 

YIELD    OF   XITROOEX   IX   LEGUMINOUS   CROPS. 

We  next  come  to  the  consideration  of  the  yield  of  nitrogen  in  crops 
of  the  leguminous  family  when  these  are  grown  separately  year  after 
year  on  the  same  land.  Plants  of  this  family  are  said  to  rely  almost 
exclusively  on  atmospheric  sources  for  their  nitrogen. 

Table  I  shows  that  without  manure  beans  gave  an  annual  yield  over 
the  first  twelve  years  of  48.1  pounds  of  nitrogen,  but  over  the  second 
twelve  of  only  14.6  pounds.  Over  the  first  period,  therefore,  the  yield 
was  about  twice  as  much  as  in  either  wheat  or  barley,  and  more  even 
than  with  the  roots.  But  with  this  greater  yield  in  the  earlier  years  the 
reduction  is  proportionally  much  greater  over  the  second  period,  the  yield 
then  coming  down  to  less  than  one-third,  and  to  much  the  same  as  in 
the  later  periods  with  the  other  crops.  Over  the  whole  period  of  twen- 
ty-four years,  however,  there  was  an  annual  yield  of  31.3  pounds  of  ni- 
trogen, or  more  than  one  and  a  half  times  as  much  as  with  either  wheat 
or  barley,  and  more  than  in  the  roots. 

It  was  seen  that  in  the  case  of  the  cereal  crops  the  mixed  manure  in- 
creased the  yield  of  nitrogen  but  little.  ^Sot  so  in  the  case  of  the 
leguminous  crop,  beans.  During  the  first  twelve  years  the  complex 
mineral  manure  (containing  a  large  amount  of  potash)  yielded  61.5 
pounds  of  nitrogen  per  acre  per  annum  against  1S.1  pounds  without 
manure.  During  the  next  twelve  years  the  mineral  manure  gave  29.5 
pounds  against  only  14.6  pounds  without  manure.  During  the  whole 
period  of  twenty-four  years  the  potash  manure  yielded  45.5  pounds  of 
nitrogen  per  acre  per  annum  against  31.3  pounds  without  manure. 
Lastly,  with  the  mixed  mineral  manure  beans  have  yielded  over  a  pe- 
riod of  twenty-four  years  more  than  twice  as  much  nitrogen  per  acre 
as  either  wheat  or  barley. 

But  notwithstanding  that  the  beans  have  for  a  long  series  of  years- 
yielded  so  very  much  more  nitrogen  over  a  given  area  than  either  of 
the  gramineous  crops,  and  much  more  also  than  the  root  crops,  the  sig- 
nificant fact  cannot  fail  to  be  observed  that  this  crop  of  the  leguminous 
family,  which  is  supposed  to  rely  almost  exclusively  on  the  atmosphere 
for  its  nitrogen,  has  declined  in  yield  as  strikingly  as  the  other  crops, 
even  when  grown  by  a  complete  mineral  manure.  Why  should  this  be 
so  if  the  supply  of  nitrogen  is  from  the  atmosphere  and  not  from  the 
soil? 

The  results  next  recorded  relate  to  red  clover,  and  the  period  of  ex- 
periment was  twenty-two  years.     It  is  well  known  that  on  most  soils  a 
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good  crop  of  clover  cannot  be  relied  upon  oftener  than  once  in  about 
eight  years,  and  on  many  soils  not  so«  frequently.  It  will  not  excite 
surprise,  therefore,  that  in  the  course  of  the  twenty-two  years  of  experi- 
ment, in  only  six  was  any  crop  of  clover  obtained,  and  iu  some  of  those 
only  poor  ones.  Indeed,  the  plant  failed  nine  times  out  of  ten  during 
the  winter  and  spring  succeeding  the  sowing  of  the  seed.  In  one  year 
a  crop  of  wheat,  and  in  three  years  barley,  was  taken  instead ;  whilst 
in  the  remaining  twelve  years  the  land  was  left  fallow  after  the  failure 
of  the  clover.  Still  the  annual  yield  of  nitrogen  over  the  tw  enty-two 
years  was  30.5  pounds  without  any  manure,  and  39.8  pounds  by  a  com- 
plex mineral  manure  containing  potash.  Unfavorable  as  is  this  result 
in  an  agricultural  point  of  view,  it  is  still  seen  that  the  interpolation  of 
this  leguminous  crop  has  greatly  increased  the  yield  of  nitrogen  com- 
pared with  that  in  either  wheat  or  barley  grown  continuously ';  and 
here  again,  as  with  beans,  a  potash  manure  has  considerably  increased 
the  yield. 

The  next  experiment  affords  a  still  more  striking  illustration  of  the 
large  amount  of  nitrogen  that  may  be  taken  up  in  a  clover  crop;  and 
it  further  illustrates  the  fact,  well  known  in  agriculture,  that  the  re- 
moval of  this  highly  nitrogenous  leguminous  crop  is  one  of  the  best 
possible  preparations  for  the  growth  of  a  cereal  crop,  which  character- 
istically requires  nitrogenous  manuring.  A  field  which  had  grown  six 
corn  crops  in  succession  by  artificial  manures  alone  was  then  divided, 
and  (in  1873)  on  one  half  barley  and  on  the  other  half  clover  was  grown. 
The  barley  yielded  37.3  pounds  of  nitrogen  per  acre,  but  the  three  cut- 
tings of  clover  yielded  151.3  pounds.  In  the  next  year  (1874)  barley 
was  grown  on  both  portions  of  the  field.  Where  barley  had  previously 
been  grown,  and  had  yielded  37.3  pounds  of  nitrogen  per  acre,  it  now 
yielded  39.1  pounds  ;  but  where  the  clover  had  previously  been  grown, 
and  had  yielded  151.3  pounds  of  nitrogen,  the  barley  succeeding  it  gave 
69.4  pounds,  or  30.3  pounds  more  after  the  removal  of  151.3  pounds  in 
clover  than  after  the  removal  of  only  37.3  pounds  in  barley.  It  will  be 
.seen  further  on  that  this  curious  result  was  not  in  any  way  accidental. 

YIELD   OF   NITROGEN   BY  A  ROTATION   OF    CROPS. 

The  last  results  recorded  in  the  table  relate  to  the  yield  of  nitrogen 
in  an  ordinary  four-course  rotation  of  turnips,  barley,  clover  or  beans, 
and  wheat.  The  average  yield  per  annum  is  given  for  seven  courses, 
or  for  a  period  of  twenty-eight  years,  in  one"  case  without  any  manure 
during  the  whole  of  that  time,  and  in  the  other  with  superphosphate  of 
lime  alone,  applied  once  every  four  years,  that  is,  for  the  turnips  com- 
mencing each  course. 

Here  with  a  turnip  crop,  and  a  leguminous  crop,  interpolated  with 
two  cereal  crops,  we  have  without  manure  of  auy  kind  an  average  of 
36.8  pounds  of  nitrogen  per  acre  per  annum,  or  very  much  more  than 
was  obtained  in  either  of  the  cereal  crops  grown  consecutively.     With 
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superphosphate  of  lime  alone,  which  much  increased  the  yield  of  nitro- 
gen in  the  tmnips,  reduced  it  in  the  succeeding-  barley,  increased  it 
greatly  in  the  leguminous  crops,  and  slightly  in  the  wheat  succeeding 
them,  the  average  annual  yield  of  nitrogen  is  increased  to  45.2  pounds, 
or  to  about  double  that  obtained  in  either  wheat  or  barley  grown  con- 
secutively by  a  complete  mineral  manure.  On  this  point  it  ma}'  be  fur- 
ther remarked  that  in  adjoining  experiments,  in  which,  instead  of  a 
legumiuous  crop,  the  land  was  fallowed  in  the  third  year  of  each  course, 
the  total  yield  of  nitrogen  in  the  rotation  was  very  much  less.  In  other 
words,  the  removal  of  the  most  highly  nitrogenous  crops  of  the  rotation — ■ 
beans  or  clover — was  succeeded  by  a  growth  of  wheat,  and  an  assimila- 
tion of  nitrogen  by  it,  almost  as  great  as  when  it  succeeded  a  year  offal- 
low  :  that  is,  a  period  of  accumulation,  and  of  no  removal  by  crops. 

YIELD    OF    XITROGEX   IX   THE   HERBAGE    OF    GRASSLAND. 

Another  illustration  of  the  amounts  of  nitrogen  removed  from  a  given 
area  of  land  by  different  descriptions  of  crop  will  be  found  in  Table 
III,  which  shows  the  results  obtained  when  plants  of  the  gramineous, 
the  leguminous,  and  other  families  are  grown  together  in  the  mixed 
herbage  of  grass-land. 

Table  III. — Yield  of  nitrogen  in  the  mixed  herbage  of  permanent  grass-land  at  Eothamsted, 


Conditions  of  manuring. 


Average  produce  per  acre 
per  annum,  twenty  years, 
1856-1875.  accord  in  gto 
mean  percent.,  at  six  peri- 
ods. 1862.  '67.  '71.  72.  74 
75. 


Average  nitrogen  per  acre 
per  annum. 


Grami- 
neae. 


Legurni- 
nosse. 


Other  or 
ders. 


Ten  Ten 

years.         years. 

1856-1865.  1866-1875. 


Pounds.  Pounds. 

3      Unmanured 1,635  219 

4-1      Superphosphate* 1,071  149 

8     Complex  niin.  man.t 2,443  296 

7  I  Complex  mm.  man.! 2,579  806 


Poun  ds. 
529 
673 
639 
573 


Pounds. 

35.  1 

35.7  ' 

54.4 

55.2 

Pounds. 
30.9 
31.5 
38.1 

56.  r 


Twenty 
years, 

1856-1875. 


Pou.ids. 
33.0 
33.6 
46.3 
55.6 


*  Mean  of  four  separations  only,  namely.  1862,  1867,  1872.  and  1875. 

i  Including  potass.,  six  years.  1856-1861':  without  potass.,  fourteen  year-.  1862-1875. 

;  Including  potass.,  twenty  years.  1856-1875. 

Before  referring  to  the  figures  attention  should  be  called  to  the  fact 
that  gramineous  crops,  grown  separately  on  arable  land,  such  as  wheat, 
barley,  or  oats,  contain  a  comparatively  low  percentage  of  nitrogen,  and 
assimilate  a  comparatively  small  amount  of  it  over  a  given  area.  Yet 
nitrogenous  manures  have  generally  a  very  striking  effect  in  increasing 
the  growth  of  such  crops.  The  highly  nitrogenous  leguminous  crops,  on 
the  other  hand,  such  as  beans  and  clover,  yield,  as  has  been  seen,  very 
much  more  nitrogen  over  a  given  area :  yet  they  are  by  no  means  char- 
acteristically benefited  by  nitrogenous  manuring,  whilst  their  growth 
is  considerably  increased,  and  the  yield  considerably  more  nitrogen  over 
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a  given  area,  under  the  influence  of  purely  mineral  manures,  and 
especially  of  potass,  manures.  Bearing  these  facts  in  mind,  the  results 
given  in  the  table  will  be  seen  to  be  quite  consistent. 

The  first  three  columns  in  the  table  show  approximately  how  the 
mixed  herbage  was  made  up  under  the  four  different  conditions  of  ma- 
nuring. It  will  be  observed  that  without  manure,  and  with  super- 
phosphate of  lime  alone,  the  amount  of  the  different  descriptions  of 
herbage  are  much  the  same.  Plots,  with  a  complex  mineral  manure 
including  potass,  the  first  six  years,  but  excluding  it  the  next  fourteen 
years,  gave  a  considerable  increase  of  both  gramineous  and  leguminous 
herbage ;  whilst  plot  7,  with  a  complex  mineral  manure,  including  potass, 
every  year  of  the  twenty,  there  is  a  still  further  increase  of  gramineous 
herbage,  but  a  very  much  greater  proportional  increase  of  leguminous 
herbage.  It  will  be  observed  how  much  greater  is  the  increase  of 
gramineous  produce  by  the  application  of  purely  mineral  manures  to 
this  mixed  herbage  than  in  the  case  of  gramineous  crops  grown  sep- 
arately. It  is  a  question  how  far  this  is  due  to  the  mineral  manures 
enabling  the  grasses  to  form  much  more  stem  and  seed,  that  is,  the  better 
to  manure,  which  in  fact  they  do,  or  how  far  to  an  increased  amount  of 
combined  nitrogen  in  a  condition  avail  able  for  the  grasses  in  the  upper 
layers  of  the  soil,  as  the  result  of  the  increased  growth  of  the  Leg- 
uminosa3  in  the  first  instance,  induced  by  the  potass,  manure,  as  in  the 
case  of  the  alternation  of  clover  and  barley,  and  as  in  the  actual  course 
of  rotation. 

To  turn  to  the  yield  of  nitrogen  on  the  different  plots  of  the  mixed 
herbage,  it  will  be  seen  that  the  amounts  are  almost  identical  without 
manure,  and  with  superphosphate  of  lime  alone,  about  33  pounds  per 
acre  per  annum.  On  plot  8,  where  a  complex  mineral  manure,  includ- 
ing potass,  six  years,  but  excluding  potass,  fourteen  years,  was  employed, 
the  amount  is  raised  to  46.3  pounds,  and  on  plot  7.  which  received 
the  mixed  mineral  manure,  including  potass,  every  year  of  the  twen- 
ty, the  yield  is  55.G  pounds  per  acre  per  annum.  Further,  without 
manure,  and  with  superphosphate  of  lime  alone,  there  was  a  decline  in 
the  yield  in  the  later,  compared  with  the  earlier  years:  with  the  min- 
eral manure,  including  potass,  only  in  the  first  six  years,  there  was  a 
much  more  marked  decline;  whilst  with  the  mineral  manure,  including 
potass,  every  year,  there  was  even  a  slight  tendency  to  au  increased 
yield  of  nitrogen  in  the  later  years. 

YIELD    OF   NITROGEN   IN   3IELILOTUS   LEUCANTHA. 

One  more  sinking  illustration  of  high  nitrogen  yield  by  a  plant  ot 
the  Leguminous  family  on  soil  which  had  not  received  any  nitrogenous 
manure  for  nearly  thirty  years  must  be  given.  In  1878,  the  land  upon 
which  attempts  had  been  made  to  grow  red  clover  in  frequent  succes- 
sion since  1849,  was  devoted  to  experiments  with  fourteen  different  de- 
scriptions of  leguminous  plants;  so  that  the  present  season,  1882,  is 
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the  fifth  year  of  the  experiments.  The  object  was  to  ascertain  whether, 
among  a  selection  of  plants  all  of  the  Leguminous  family,  but  of  differ- 
ent habits  of  growth,  and  especially  of  different  character  and  range  of 
roots,  some  could  be  grown  successfully  for  a  longer  time,  and  would 
yield  more  produce,  containing  more  nitrogen  as  well  as  other  constitu- 
ents, than  others ;  all  being  supplied  with  the  same  descriptions  and 
quantities  of  manuring  substances,  applied  to  the  surface  soil.  Further, 
whether  the  success  in  some  cases  and  the  failure  in  others,  would  af- 
ford additional  evidence  as  to  the  source  of  the  nitrogen  of  the  Legu- 
niinosas  generally,  and  as  to  the  causes  of  the  failure  of  red  clover  in 
particular,  when  it  is  grown  too  frequently  on  the  same  land.  Fourteen 
different  descriptions  of  plants  were  selected,  and  after  two  or  three  im- 
material changes  the  list  now  includes  eight  species  or  varieties  of 
Trifolium,  two  of  Medicago,  MelHotus  leucantha,  Lotus  comiculatus,  Vicia 
mtiva,  and  Onobrychis  satwa. 

Of  the  numerous  species  or  varieties  of  Trifolium  all  gave  but  meager 
produce,  excepting  T.  incarriatum.  The  Lotus  corniculatus  also  gave 
very  small  produce.  The  two  species  of  Medicago,  the  black  Hediclc, 
and  the  purple  Medici'  or  Lucerne,  and  the  Onobrychis*  or  common 
Sainfoin,  gave  much  more ;  the  Vicia  sativa  or  common  vetch,  more  still. 
But  of  all,  the  Melilotus  leucantha  or  Bokhara  clover  has  yielded  the 
most ;  and  it  is  estimated  that,  taking  the  average  of  four  years, 
1878-'81,  it  has  yielded  more  than  100  pounds  of  nitrogen  per  acre  per 
annum,  on  the  plots  which  have  received  no  nitrogenous  manure  for 
more  than  thirty  years  ;  whilst  the  produce  of  the  fifth  season,  1882,  is 
heavier  than  either  of  the  preceding  years.  How  long  this  very  luxu- 
riant growth  and  this  very  high  yield  of  nitrogen  per  acre  will  continue, 
is  a  question  of  very  great  interest.  On  this  point  it  may  be  observed 
that  in  parts  of  the  continent  of  Europe,  where  some  of  the  very  free- 
growing  and  deep-rooted  Leguuiinosas  are  cultivated,  it  is  usual  to  let 
them  grow  for  several  years,  after  which  they  cannot  be  repeated  for 
twenty  years  or  more.  "We  shall  recur  to  the  results  above  quoted 
further  on. 

SUMMARY   OF   YIELD    OF   IsITROOEX    IX    CROPS. 

The  foregoing  facts  of  production,  showing  the  yield  of  nitrogen  in 
different  crops  grown  without  nitrogenous  manure,  generally  for  very 
many  years  in  succession  on  the  same  land,  may  be  briefly  summed  up 
as  follows : 

The  average  yield  of  nitrogen  per  acre  per  annum,  was.  with  wheat, 
thirty-two  years  without  manure,  20.7  pounds,  and  twenty- four  years 
with  a  complex  mineral  manure,  22.1  pounds  ;  with  barley,  twenty-four 
years  without  manure,  18.3  pounds,  and  twenty-four  years  with  a  com- 
plex mineral  manure,  22.1  pounds:  with  root-crops,  thirty-six  years  (in- 
cluding three  of  barley),  with  a  complex  mineral  manure,  25.2  pounds; 
with  beans,  twenty-four  yearswituout  manure,  31.& pounds,  and  twenty- 
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four  years  with  a  complex  mineral  manure.  45.5 ;  with  clover,  six  crops 
iu  twenty-two  years,  with  one  crop  of  wheat,  three  crops  barley,  and 
twelve  years  fallow,  without  manure,  30.5  pounds ;  with  complex  min- 
eral manure,  39.8  pounds;  with  clover  on  land  which  had  not  grown  the 
crop  for  very  many  years,  one  year,  151.3  pounds;  with  a  rotation  of 
crops,  seven  courses,  twenty-eight  years  without  manure,  36.8  pounds  ; 
with  superphosphate  of  lime,  45.2  pounds ;  with  the  mixed  herbage  of 
grass  land,  twenty  years  without  manure,  33  pounds,  and  with  com- 
plex mineral  manure,  including  potass,  55.6 ;  lastly,  with  Bokhara 
clover,  four  years,  with  mineral  manure,  more  than  100  pounds  of  nitro 
gen  per  acre  per  annum. 

The  root-crops  yielded  more  nitrogen  than  the  cereal  crops,  and  the 
leguminous  crops  very  much  more  still. 

In  all  the  cases  of  the  experiments  on  ordinary  arable  land — whether 
with  cereal  crops,  root  crops,  leguminous  crops,  or  a  rotation  of  crops  (ex- 
cepting as  yet  the  Bokhara  clover) — the  decline  in  the  annual  yield  of 
nitrogen,  none  being  supplied  by  manure,  was  very  great. 

SOURCES   OF  THE  NITROGEN  OF  CROPS. 

We  must  next  consider  whence  comes  the  nitrogen  of  the  crops,  and 
especially  whence  comes  the  much  larger  amount  taken  up  by  plants 
of  the  leguminous,  and  some  other  families,  than  by  the  graminese. 
Lastly,  what  is  the  significance  of  the  great  decline  in  the  yield  of  nito- 
gen  in  all  the  crops  grown  on  arable  land  when  none  is  supplied  in  the 
manure  ? 

COMBINED   NITROGEN  IN   RAIN,   ETC. 

It  has  been  assumed  by  some  that  the  amount  of  combined  nitrogen 
annually  coming  down  in  the  measured  aqueous  deposits  from  the  at- 
mosphere is  sufficient  for  all  the  requirements  of  annual  growth.  In 
Liebig's  earlier  writings  he  assumed  the  probability  of  a  very  much 
larger  quantity  of  ammonia  coming  down  in  rain  than  he  did  subse- 
quently ;  but  even  in  his  more  recent  work,  "  The  Natural  Laws  of 
Husbandry,"  published  in  1863,  he  supposes  that  as  much  as  24  pounds 
of  nitrogen  per  acre  maybe  annually  available  to  vegetation  from  that 
source.  Such  an  amount  would,  it  is  obvious,  do  much  towards  meet- 
ing the  requirements  of  most  of  the  crops  the  nitrogen  statistics  of 
which  have  been  given. 

The  earliest  considerable  series  of  determinations  of  the  amount  of 
ammonia  coming  down  in  rain  in  theopen  country  were  by  Boussingault, 
in  Alsace.  He  gives  the  amount  of  ammonia  per  million  of  rain-water 
in  each  fall  for  a  period  of  between  live  and  six  months,  May-October, 
1852;  but  he  does  not  calculate  the  amount  so  coming  down  over  a 
given  area  of  land.  His  average  amount  per  million  was,  however, 
somewhat  less  than  that  found  at  Rothamsted  in    1853  and  1854,  and 
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found  by  Mr.  Way  in  Rothamsted  rain- water  collected  in  1855  and  1856  ; 
which,  calculated  according  to  the  rain-fall  of  the  periods,  give  the  fol- 
lowing amounts  of  nitrogen  so  coming  down  per  acre.  The  amounts  of 
nitrogen  as  nitric  acid,  as  determined  by  Mr.  Way,  and  the  amount  of 
total  combined  nitrogen  as  ammonia  and  nitric  acid  together,  are  also 
given. 

Table  IV. — Nitrogen,  as  ammonia,  and  nitric  acid,  in  the  rain-fall  of  three  years,  at  Iioth- 

amsted,  in  pounds  per  acre. 


Years. 


1853-5 

1855.... 

1856.... 


Rainfall. 


Xitrogen  per  acre,  as- 


Inches. 

29.  014 
29. 166 
27.  215 


Ammonia. 


Pounds. 
5.20 
5.82 

7.28 


Nitric 
acid. 


Pounds. 

0.72 
0.76 


Mean 


28.  465 


6.10 


0.74 


Total  ni- 
trogen. 


Pounds. 
5.94 
6.58 
8.00 


6.84- 


It  will  be  seen  that  according  to  these  results  an  average  of  6.84 
pounds  was  contributed  per  acre  per  annum  in  the  rain  in  the  form  of 
ammonia  and  nitric  acid.  More  recently,  however,  Dr.  Frankland  has 
determined  the  amount  of  ammonia  and  nitric  acid  in  numerous  sam- 
ples of  rain  and  snow  water,  dew,  hoar  frost,  &c,  collected  at  Eotbam- 
sted from  April,  1860,  to  May,  1870,  inclusive ;  and  the  average  amount  of 
ammonia  per  million  of  water  found  by  him  is  considerably  lower  than  the 
earlier  determinations  show.  More  recently  still  the  ammonia  has  been 
determined  in  the  Rothamsted  laboratory,  in  the  rain  of  each  day  sepa- 
rately (if  any),  for  a  period  of  six  months,  July-December,  1881 ;  also  in 
the  proportionally  mixed  rain  for  each  month,  for  a  period  of  thirteen 
months,  June,  1881,  to  June,  1882.  The  average  proportion  of  ammo- 
nia in  these  most  recent  determinations  accords  with  the  results  of 
Frankland,  and  point  to  a  smaller  amount  of  total  combined  nitrogen 
supplied  per  acre  in  the  average  annual  rain-fall  at  Rothamsted  than 
that  recorded  in  the  table  ;  probably,  indeed,  to  not  more  than  four  or 
five  pounds  of  total  combined  nitrogen  per  acre  per  annum. 

Dr.  E.  Angus  Smith,  in  his  work  entitled  "Air  and  Rain  the  Begin- 
nings of  a  Chemical  Climatology,"  1872,  gives  the  results  of  numerous 
analyses  of  rain-water  collected  both  in  country  and  town  districts 
in  the  United  Kingdom.  The  amounts  of  ammonia  and  nitric  acid  in 
the  rain  vary  exceedingly,  according  to  locality;  but  the  amounts  in 
the  rain  of  country  places  accords  generally  with  those  found  in  the 
Rothamsted  rain-fall. 

The  following  table  summarizes  the  results  of  numerous  determinations 
made  at  various  stations  on  the  continent  of  Europe,  in  each  case  ex- 
tending over  a  whole  year: 
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Table  5. — Nitrogen  as   ammonia   and  nitric   acid  in    the  rain   of  various   localities  in 

Europe, 

[Quantities  in  pounds  per  acre  per  annum.] 


Xitrogen  as— 


Localities. 


Xuschen 1864-65  11.85 

Do 1865-66  17.70 

Insterburg : !  1 864-65  27.  55 

Do 1865-'66  23.79 

Danme 1865  17.09 

Regemvalde 1864-'65  23.48 

Do 1865-66  19.31 

Do „ 1866-'67  25.37 

Ida-Marienliiitte;  mean  six  rears 1865-70  22.65 

Proskaw 1864-65  17.81 

.Florence 1870  36.  55 

Do 1871  42.  48 

Do 1872  56.82 

Vallombrosa 1872  79.  83 

-Montsouris,  Paris 1877-78  23.  62 

Do....: 1878-79  25.79 

Do. 1879-'80  15.70 

Mean,  twenty-two  years 27.  03 


13.58 
9.71 
7.78 
9.50 
7.  65 

10.25 
7.  05 
4.83 


10.  23 


It  is  seen  that  the  numerous  very  widely  varying  determinations,  some 
made  in  the  vicinity  of  towns  and  some  in  the  open  country,  give  a 
mean  of  10.23  pounds  of  combined  nitrogen  annually  supplied  per  acre 
by  rain  with  a  mean  rainfall  of  27.03  inches.  Making  all  allowance  for 
far  inland  open  country  positions  on  the  one  hand  and  for  proximity  to 
towns  on  the  other,  the  very  small  amounts  of  combined  nitrogen  so 
supplied  per  acre  in  some  of  the  cases  and  the  comparatively  large 
quantities  in  others  seem  difficult  to  explain  or  to  reconcile,  either  with 
one  another  or  with  the  results  of  Boussingault  and  of  Eothamsted. 
When,  however,  the  comparatively  limited  and  uniform  amounts  re- 
corded for  Montsouris,  within  the  walls  of  Paris,  are  considered.  11.54 
pounds,  11.16  pounds,  and  10.52  pounds  per  acre  per  annum,  it  will  not 
excite  surprise  that  we  should  estimate  the  amount  of  combined  nitro- 
gen coming  down  in  the  measured  aqueous  deposits  from  the  atmosphere 
at  probably  not  more  than  5  pounds  per  acre  per  annum  in  the  open 
country  at  Eothamsted. 

With  records  of  the  amounts  of  combined  nitrogen  contributed  to  a 
given  area  in  rain,  we  come  to  an  end  of  all  quantitative  evidence  as  to 
the  amount  of  combined  nitrogen  available  to  the  vegetation  of  a  given 
area  from  atmospheric  sources.  It  will  be  seen  how  entirely  inadequate 
is  the  amount  probably  so  available  to  supply  the  quantities  yielded  in 
different  crops  without  nitrogenous  manure,  as  recorded  in  the  table. 

It  is  true  that  the  minor  aqueous  deposits  from  the  atmosphere  are 
much  richer  in  combined  nitrogen  than  rain,  and  there  can  be  no  doubt 
that  there  would  be  more  deposited  within  the  pores  of  a  given  area  of 
soil  than  on  an  equal  area  of  the  porous  even  surface  of  a  rain  gauge. 
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How  much,  however,  of  this  might  be  available  beyond  that  determined 
in  the  collected  aqueous  deposits,  existing  evidence  does  not  afford  the 
means  of  estimating  with  certainty. 

OTHER  SUPPOSED  SOURCES  OF  COMBINED  NITROGEN. 

Further,  it  has  been  argued  that,  in  the  last  stages  of  the  decompo- 
sition of  organic  matter  in  the  soil,  hydrogen  is  evolved,  and  that  this 
nascent  hydrogen  combines  with  the  free  nitrogen  of  the  atmosphere, 
and  so  forms  ammonia.  Again,  it  has  been  suggested  that  ozone  may 
be  evolved  in  the  oxidation  of  organic  matter  in  the  soil,  and  that, 
uniting  with  free  nitrogen.- nitric  acid  would  be  produced. 

We  have  discussed  these  various  possible  supplies  of  combined  nitro- 
gen to  the  soil  from  atmospheric  sources  on  more  than  one  occasion ;  and 
we  have  given  our  reasons  for  concluding  that  none  of  them  can  be 
taken  as  accounting  for  the  facts  of  growth.  Incidentally,  some  evi- 
dence will  be  given  further  on,  confirming  the  conclusion  that  any  such 
supplies  are  limited  and  inadequate. 

But,  if  the  supplies  from  the  atmosphere  to  the  soil  itself  are  inade- 
quate, how  about  the  direct  supplies  from  the  atmosphere  to  the  plant  I 

One  view  which  has  been  advocated  is,  that  broad-leaved  plants  have 
the  power  of  taking  up  combined  nitrogen  from  the  atmosphere,  in  a 
manner  or  in  a  degree  not  possessed  by  the  narrow  leaved  gramineous 
plants.  The  only  experiments  that  we  are  aware  of  made  to  determine 
whether  plants  can  take  up  nitrogen  by  their  leaves  from  ammonia  sup- 
plied to  them  in  the  ambient  atmosphere  are  those  of  Adolph  Mayer  in 
Germany,  and  of  Schlossingin  France.  Both  found  that  very  small  quan- 
tities of  nitrogen  were  so  taken  up;  but  both  concluded  that  the  action 
takes  place  in  very  immaterial  degree  in  natural  vegetation.  We  have 
elsewhere  shown  that  not  onlv  a  consideration  of  the  chemistrv  and  the 
physics  of  the  subject  would  lead  to  the  conclusion  that  the  plants 
which  assimilate  more  nitrogen  over  a  given  area  than  others  do  not 
-do  so  by  virtue  of  a  greater  power  of  absorbing  already  combined  ni- 
trogen from  the  atmosphere  by  their  leaves.  But,  apart  from  such  con- 
siderations, our  statistics  of  nitrogen  production  seem  to  preclude  the 
idea  that  the  broad-leaved  root  crops,  turnips,  and  the  like,  to  which 
the  function  has  with  the  most  confidence  been  attributed,  take  up  any 
material  proportion  of  their  nitrogen  by  their  leaves  from  combined 
nitrogen  in  the  atmosphere.  We  need  only  here  recall  attention  to 
the  fact  that  the  yield  of  nitrogen  in  these  crops,  even  with  the  aid  of  a 
complex  mineral  manure,  was  in  the  later  years  reduced  to  as  low  a 
point  as  in  the  case  of  the  narrow-leaved  cereals. 

DO   PLANTS    ASSIMILATE    FREE   NITROOEZS  I 

The  question  still  remains  whether  plants  assimilate  the  free  nitrogen 
of  the  atmosphere,  and  whether  some  descriptions  do  so  in  a  much 
greater  degree  than  others.  It  is  freely  admitted  that  if  this  were  es- 
tablished manv  of  our  difficulties  would  vanish. 
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This  question  has  been  the  subject  of  a  great  deal  of  experimental 
inquiry,  since  the  time  that  Boussingault  entered  upon  it  about  the 
year  1837;  and  more  fban  tweuty  years  ago  it  was  elaborately  investi- 
gated at  Eothamsted. 

We  will  here  give  a  summary  of  the  very  conflicting  results  which, 
have  been  published  in  reference  to  this  subject  of  the  assimilation  of 
the  free  nitrogen  of  the  atmosphere  by  plants,  confining  attention  for 
want  of  space  to  the  three  most  comprehensive  series  of  experiments 
which  have  been  undertaken  relating  to  it. 

Though  not  the  first  in  point  of  date,  we  will  first  refer  to  the  ex- 
periments of  M.  G.  Yille,  th«  results  of  which  led  him  to  conclude  that 
plants  do  assimilate  the  free  nitrogen  of  the  air — a  view  of  which  he 
has  been  the  archapostle  for  many  years,  and  upon  which  he  may  be 
said  to  have  founded  a  system  in  his  work  on  "  Artificial  Manures." 

From  1849  to  1856,  M.  G-.  Yille  made  numerous  experiments  on  this 
subject.  The  following  table  (Y)  gives  a  summary  of  his  results,  and 
shows  the  special  conditions  of  each  separate  series  of  experiments : 

Table  V. — Results  of  M.  G.  Ville's  experiments  to  determine  whether  plants  assimilate  free 

nitrogen. 


Plots. 


1849.     Current  of  unwashed  air  supplying  0.001  grams  nitro- 
gen as  ammonia:  (]) 

Cress 

Large  lupins 

Small  lupins 


1850.     Current  of  unwashed  air  supplying  0.0017  grams  nitro- 
gen as  ammonia:  (') 

Colza  (plants) 

Wheat 

Eye 

Maize .--. 


(]) 


0) 


1851.  Current  of  washed  air : 

Sunflower 

Tobacco 

Tobacco 

1852.  Current  of  washed  air: 

Autumn  colza 

Spring  wheat 

Sunflower 

Summer  colza 

Summer  colza 

1854.     Current  of  washed  air  (under    superintendence  of  a 
commission)  : 

Cress 

Cress  

Cress 

L854.    Current  of  washed  air  (closed  under  superintendence 
of  a  commission) :  (2) 


Xitrogen,  grams. 


Or— 

*3: 


0.  0260 
0.  0640 
0. 0640 


0. 1550 


0. 0260 
0.0160 
0.  0130 
0. 0290 


0.  0857 


0.0050 
0.  0040 
0.  0040 

0. 0480 
0.  0290 

0.  0160 
0.  1730  ! 
0.1050  i 


0.  0099 
0.0038 


0. 1470 
0.  0640 
0.  0470 


0.  2580 


1.0700 
0.  0310 
0.  0370 
0.1280 


1.  2660 


0. 1 570 
0.1750 
6. 1620 

0. 2260 
0.  0650 
0.  4080 
0.  5950 
0.  7010 


0.  0097 
0.  0530 
0.  0110 


© 

PI 
•i-t 

eg 


0.1210 

0.  0000 
-0.  0170 


0. 1030 


1.  0440 
0.  0150 

0.  0240 
0.  0990 


1.  1803 


0. 1520 
0.  1710 
0.1580 

0.1780 

0.  0360 
0.  3920 
0.  4220 

0.  5960 


-0.  0002 
0.  0492 

0  I  "71 


f'iKi  <  uerches  Experimentates  sur  la  Vegetation,  parM.  Georges  Ville.  Paris,  1853. 
(8)Compt.  rend.:  1855. 


to 

o 

1-8 

— 

.«  3 

H  ™ 
M)Q 


5.6 
1.0 
0.7 


1.7 


41.1 
1.9 
2.8 
4.4 


14.8 


31. 
43. 
40. 

4. 

2. 

25. 


3.4 
6.7 


i.e 

13.9 
2. 
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Table  V— Continued. 


Plots. 


Cress 

1855  and  1856.     In   pure  air.  with  0.5  gram  nitre  =  0.0G9  ni- 
trogen: (*) 

Colza 

Colza • 

Colza 

1855  and  1856.     In  free   air,  with  1  gram  nitre  =  0.13S  nitro- 
gen :  (') 

Colza 

Colza     

Colza 

Colza 

1856.     In  free  air,  with  0.792  gram  nitre  =  0.110  nitrogen  :  (l) 

Wheat - 

Wheat 

1855.     In  free  air,  with  1.72  grams  nitre  =  0.238  nitrogen  :  (J) 

Wheat   - : 

1836.     In  free  air,  with  1.765  grams  nitre  —  0.244  nitrouv  :  (x) 

Wheat 

Wheat 


0.0063 


0.  0700 
0.  0700 

0. 0700 


0. 1400 
0. 1400 
0. 1400 
0. 1400 

0. 1200 
0. 1260 


(2)0. 

(2)0.  0660 
(2)0.       - 


(2)0.1070 
(2)0.  :S74" 
(2)0.210o 
(2)0.  2500 

(2)0.1    - 
(2)0.  2240 


0.0  S7 


0. 0000 
— 0.  0040 
—0.  0020 


".70 
0.  2340 
0.0760 
0. 1100 

0.  0920 
0.  0980 


0.  2590         (2)0.  3080         0.  04»0 


0.  5650 
0.  2650 


(2)0.  2170 
;500 


—0.  0480 


1.0 
0.9 
1.0 


1.41 
2.67 
1.54 

I    " 

1.7 
1.8 

1.2 

0.8 
1.3 


(MRecherches  Experimentales  sur  la  Vegetation.  1857 
(2)In  plants  only. 


These  results,  as  well  as  those  of  others,  we  have  fully  discussed  else- 
where (Phil.  Trans?,  1859,  and  Jour.  Chein.  Soc,  vol.  xvi.  1863),  and 
we  can  only  very  briefly  refer  to  them  in  this  place. 

The  column  of  actual  gain  or  loss,  shows  in  one  case,  with  colza,  a  gain 
of  more  than  1  gram  of  nitrogen ;  and  the  amount  in  the  products  is 
more  than  forty-one  times  as  much  as  that  supplied  as  combined  nitrogen 
in  the  seed  and  air.  The  results  with  wheat,  rye,  or  maize  showed  very 
much  less  of  both  actual  and  proportional  gain.  Experiments  with 
sunflower  showed  in  one  case  thirty  fold,  and  with  tobacco  in  two  cases 
more  than  forty  fold,  as  much  in  the  products  as  was  supplied.  It  will 
be  observed,  however,  that  upon  the  whole  M.  G-.  Ville's  later  experi- 
ments showed  considerably  less  both  actual  and  proportional  gain  than 
his  earlier  ones. 

M.  G-.  Ville  in  some  cases  attributed  the  gain  to  the  large  leaf  surface. 
In  explanation  of  the  assimilation  of  free  nitrogen  by  plants,  he  calls 
attention  to  the  fact  that  nascent  hydrogen  is  said  to  give  ammonia, 
and  nascent  oxygen  nitric  acid,  with  free  nitrogen,  and  he  ask> :  Why 
should  not  the  nitrogen  in  the  juices  of  the  plant  combine  with  the  nascent 
carbon  and  oxygen  in  the  leaves  %  He  refers  to  the  supposition  of  M. 
De  Luca,  that  the  nitrogen  of  the  air  combines  with  the  nascent  oxygen 
given  off  by  the  leaves  of  plants,  and  to  the  fact  that  the  juice  of  some 
plants  (mushrooms)  has  been  observed  to  ozonize  the  oxygen  of  the  air, 
and  he  asks:  Is  it  not  probable,  then,  that  the  nitrogen  dissolved  in  the 
juices  will  submit  to  the  action  of  the  ozonized  oxygen  with  which  it  is 
mixed,  when  we  bear  in  mind  that  the  juices  contain  alkalies,  and  pene- 
trate tissues,  the  porosity  of  which  exceeds  that  of  spongy  platinum? 
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The  following  table  (VI)  summarizes  the  results  of  M.  BoussingaulL 
His  experiments  on  the  subject  commenced  in  1837,  and  were  continued 
at  intervals  up  to  1858.  The  conditions  of  each  set  of  experiments  as 
to  soil,  air,  or  application  of  in  anuria!  substances,  are  given  in  the  table. 

Table  VI. — Results  of  M.  Boussingault's  experiments  to  determine  wlieiher  plants  assimi- 
late free  nitrogen. 


Plants. 


Nitrogen,  grams. 


(2) 


1837.  Burnt  soil,  distilled  water,  free  air  in  closed  summer 
house :  (J) 

Trefoil 

Trefoil 

Wheat 

Wheat 

1838.  Conditions  as  in  1837 

Peas 

Trefoil  (plants) , 

Oats  (plants) 

1851  and  1852.  Washed  and  ignited  pumice  with  ashes,  dis- 
tilled water,  limited  air,  under  glass  shade,  with  carbonic 
acid  :  (3) 

Haricot,  1851 

Oats,  1851 

Haricot,  1852 

Haricot,  1852 

Oats,  1852 ' 

1853.  Prepared  pumice,  or  burnt  brick,  with  ashes  ;  distilled 
water,  limited  air,  in  glass  globe,  with  carbonic  acid :  (3) 

White  lupin 

White  lupin 

White  lupin • 

White  lupin 

White  lupin 

Dwarf  haricot 

Dwarf  haricot 

Garden  cress 

White  lupin 

1854.  Prepared  pumice  with  ashes,  distilled  water,  current  of 
washed  air,  and  carbonic  acid,  in  glazed  case :  (4) 

Lupin 

Dwarf  haricot 

Dwarf  haricot 

Dwarf  haricot 

Dwarf  haricot.. 

Lupin 

Lupin _ 

Cress 

1851,  :52.  '53,  and  '54.     Prepared  soil,  or  pumice  with  ashes 
tilled  water,  free  air,  under  glazed  case :  (4) 

Haricot  (dwarf),  1851 

Haricot,  1853 

Haricot,  1853 

Haricot  (dwarf),  1854 

Lupin  (white),  1853 1 

Lupin,  1854 

Lupin,  1854 1 

Oats,  1 852 

Wheat,  1853 

Garden  cress,  1854 

1858.    Nitrate  of  potassium  as  manure :  (5) 

Helianthus 


dis- 


ss:- 

-    — 


1^   >. 
-    -    - 

'■    ~    ~ 


0. 1100 
0. 1140 
0.  0430 
0.  0570 

0.  0460 
0.  0330 
0.  0590 


0. 1200 
0. 1560 
0.  0400 
0.  0600 

0. 1010 
0.  0560 
0.  0530 


0.  0349 

0.  0340  ! 

0. 0078 

0.  0067 

0.  0210 

0.  0189 

0.  0245 

0.  0226 

0.  0031 

0.  0030 

0.  0480 

0.  0483 

0. 1282 

0. 1246 

0.  0349 

0.  0339 

0. 0200 

0.  0204 

0. 0399 

0.  0397 

0. 0354 

0.  0360 

0. 0298 

0.  0277 

0.  0013 

0.  0013 

0. 1827 

0. 1697 

0.  0196 

0.  0187 

0.  0322 

0.  0325 

0.  0335 

0.0341 

0.  0339 

0.  0329 

0.  0676 

0.  0666 

0.  0180 
0.  0175 

J  0.  0334 

0.  0046 

0.  0052 

0. 0349 

0.  0380 

0.  0213 

0.  0238 

0.  0293 

0.  0270 

0.  0318 

0.  0350 

0.  0214 

0.  0256 

0.  0199 

0.  0229 

0.  0367 

0.  0387 

0.  0031 

0.  0041 

0.  0064 

0.  0075 

0.  0259 

0.  0272 

(C)  0.0144 

0.  0130 

(6)  0.  0255 

0.  0245 

(»)Ann.  Ch.  Phys.  [2],  lxvii  (1838). 
(*)Ibid,  lxix. 

(3)Ann.  Ch.  Phys.  [3].  xli  (1854). 
(4)Ann.   Ch.  Thys.  Ser.  [3],  xliii  (1855). 
(6)Compt.  icnd.,  xlvii(1858). 
(c)Nitrogen  in  seed  and  nitrate. 


C 


+0.0100 
+  0.  0420 
—0.  0030 
+0.  0030 

+0.  0550 
+0.  0230 
—0.  0060 


—0.  0009 
—0.  0011 
—0.  0021 
—0.  0019 
—0.  0001 


+  0.0003 
—0.  0036 
— 0.  0010 
+  0.0004 
—0.-0002 
+0.  0006 
—0.  0021 
0. 0000 
—0.  0130 


—0.  0009 
+  0.0003 
+0.  0006 
—0.  0010 
—0.  0010 

—0.  0021 

— 0.  0006 


+  0.0031 
+0.  0025 
—0.  0023 
+  0.0032 
+  0.0042 
+  0.  0030 
+  0.0020 
+0.  0010 
+  0.  0011 
+  0.0013 

—0.  0014 
—0.  0010 


m 
y 

I* 

£.2 
•S  9 

05 


1.09 
1.37 
0.93 
1.05 

2.20 
1  70 
0.  90 


0.97 
0.86 
0.90 
0.92 
0.97 


1.01 
0.97 
0.97 
1.02 
1.00 
1.02 
0.93 
1.00 
0.93 


0.95 
1.01 
1.02 
0.97 
0.99 

0.94 

1.13 


1.09 
1.12 
0.92 
1.10 
1.20 
1.15 
1.05 
1.32 
1.17 
1.05 

0.90 
0.96 
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The  last  two  columns  of  the  table  (  )  show  the  actual  and  propor- 
tional gain  or  loss  of  nitrogen  in  M.  Boussiugault's  experiments.  It 
will  be  seen  that  in  his  earlier  experiments,  those  in  free  air  in  a  sum- 
mer house,  the  leguminous  plants,  trefoil  and  peas,  did  indicate  a  nota- 
ble gain  of  nitrogen  :  but  in  all  his  subsequent  experiments  there  was 
generally  either  a  slight  loss,  or,  if  a  gain,  it  was  represented  in  only, 
fractions  or  low  units  of  milligrams.  After  twenty  years  of  varied  and 
laborious  investigation  of  the  subject,  M.  Boussingault  concluded  that 
plauts  have  not  the  power  of  assimilating  the  free  nitrogen  of  the  at- 
mosphere. And  in  a  Jetter  received  from  him  as  recently  as  1876,  after 
discussing  several  aspects  of  the  question,  he  say-; : 

If  there  is  oue  fact  perfectly  demonstrated  in  physiology,  it  is  this  of  the  non-as- 
similation of  free  nitrogen  by  plants :  and  I  may  add  by  plants  of  an  inferior  order, 
ench  as  mieoderms  and  mushrooms. — (Translation.) 

Our  own  experiments  on  this  subject  were  commenced  in  1857,  and  a 
young  American  chemist,  the  late  Dr.  Pugh,  of  the  Pennsylvania  State 
Agricultural  College,  devoted  between  two  and  three  years  to  the  in- 
vestigation at  Eothamsted.  The  conditions  of  the  experiments  and  the 
results  obtained  up  to  that  date  are  fully  described  in  the  papers  in 
the  Philosophical  Transactions  for  1859  and  in  the  Journal  of  the 
Chemical  Society,  in  1863,  already  referred  to.  Table  VII  summarizes 
the  results  obtained. 

Table  VII. — Results  of  experiments  made  at  Eothamsted  to  determine  iclietlter  jrfants  assimi- 
late free  nitrogen. 

With  no  combined  nitrogen  supplied  beyond  that  in  the  seed  sown. 


Xitrogen,  grams. 


a.  * 
-;— 

~£ 

5  a 

= 

M 


GRAHIXEJS. 


1857  : 

Wheat 0.  0080 

Barlev 0.  0056 

Do  * 0.  0056 

1858: 

Wheat 0.  0078 

Barlev 0.  0057 

Oats." 0.0063 

1858,  A  1: 

Wheat 0.0078 

Oats 0.0064 

LEGUM1NOS.E. 

1857: 
Beans 0.  0796 

1858: 

Beans 0.  0750 

Pease 0.  0188 

OTHER  PLANTS. 
1858: 
Buckwheat 0.  0200 


/.  — 
a  x 


0.  0072 
0.  0072 
0.  0082 

0.  0081 
0.  0058 
0.  0056 

0.  0078 
0.  0063 


0.  0757 
0.0167 


■r. 


—0.  0008 
+  0.0016 
+0.  0026 

+0.  0003 
+0.  0001 
—0.  0007 

0.  0000 
—0.  0001 


-f  0.  0007 
—0.  0021 


0.  0791  —0.  0005 


0.  0182  I  —0.  0018 


09 

a  . 

go 

C  i— i 


0.90 
1.11 
1.4$ 

1.04 
1.02 
0.89 

1.  0G" 
0.  9& 


0.99 

1.01 
0.89» 


o.  9: 
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Table  VII — Continued. 

With  combined  nitrogen  supplied  beyond  that  in  the  seed  sown. 


Nitrogen,  grams. 


cS 

S  >, 

4,  © 

-  a 


G  K  AMINE  JE. 


1857: 

Wheat. 
Do... 

Barley . 
Do... 
1858: 

Wheat. 

Barley . 

Oats  . . . 
1858,  A  1 : 

Wheat. . 

Barley  . 

Oats... 


0.  0329 
0.  0329 
0. 0326 
0.  0268 

0. 0548 
0.  0496 
0.  0312 

0. 0268 
0.  0257 
0.  0260 


+s 

C 
ft 

of'S 

=   _ 
-  - 

ft  - 
a 

H 


§1 

—— 
a  ft 

o  © 


0.  0383 
0. 0331 
0.  032S 
0. 0337 

0. 0536 
0.  0464 
0.  0216 

0. 0274 


0242 
0198 


+0.  0054 
+  0.  0002 
+0.  0002 
+0.  0069 

-0.  0012 
—0.  0032 
—0.  0096 

+0.  0006 
— 0.  0015 
—0.  0062 


LEGUMINOS^. 


1858: 

Pease I  0.  0227 

Clover 0.0712 

1858,  A  1  : 
Beans 0.  0711 


I 


1858: 
Buckwheat 


OTHER  PLANTS. 


0.  0308 


0.  0211 
0. 0665 

0.  0655 


0.  0292 


—0.  0016 
—0.  0047 

-     0056 


-0.  0016 


1.16 
1.01 
1.01 
1.25 

0.98 
0.94 
0.69 

1.02 
0.94 
0.76 


0.93 
0.93 

0.92 


0.95 


A  1.  These  experiments  were  conducted  in  the  apparatus  of  M.  G-.  Ville. 

The  upper  part  of  the  table  shows  the  results  obtained  in  the  experi- 
ment in  which  no  combined  nitrogen  was  supplied  beyond  that  con- 
tained in  the  seed  sown.  The  growth  was  in  all  cases  extremely  re- 
stricted, and  the  figures  show  that  there  was  in  no  case,  whether  of 
graininese,  leguininosae,  or  buckwheat,  a  gain  indicated  by  as  much  as 
three  milligrams  of  nitrogen.  There  was  in  most  cases  much  less  gain 
or  a  slight  loss. 

The  lower  part  of  the  table  shows  the  results  obtained  when  the  plants 
were  supplied  with  known  quantities  of  combined  nitrogen  in  the  form  of 
a  solution  of  ammonium  sulphate  applied  to  the  soil.  The  actual  gains 
or  losses  range  a  little  higher  in  these  experiments,  with  larger  quan- 
tities of  nitrogen  involved ;  but  they  are  always  represented  by  units 
of  milligrams  only,  and  the  losses  are  higher  than  the  gains.  Further, 
the  gains,  such  as  they  are,  are  all  in  the  experiments  with  the  grain - 
inese,  whilst  there  is  in  each  case  a  loss  with  the  leguminosse  aud  the 
buckwheat. 

It  should  be  stated  that  the  growth  was  far  more  healthy  wirli  the 
graminese  than  with  the  leguminosse,  which  are  even  in  the  open  field 
very  susceptible  to  vicissitudes  of  heat  and  moisture,  and  were  espe- 
cially so  when  inclosed  under  glass  shades.  It  might  be  objected,  there- 
fore, that  the  negative  results  with  the  leguminosa?  are  not  so  conclu- 
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sive  as  those  with  the  graminea?.  Nevertheless,  we  do  not  hesitate-  to 
conclude  from  our  own  experiments,  as  Boussingault  did  from  his,  that 
the  evidence  is  strongly  against  the  supposition  that  either  the  gram- 
ineaB  or  the  leguminosie  assimilate  the  free  nitrogen  of  the  atmosphere. 

RECAPITULATION. 

In  the  foregoing  resume'  of  mostly  previously  recorded  fact,  we  have 
shown  the  amount  of  nitrogen  assimilated  by  various  crops  over  a  given 
area  when  grown  for  many  years  in  succession  on  the  same  land  with- 
out any  nitrogenous  manure;  that  is,  under  conditions  in  which  the 
source  of  the  nitrogen  is  as  little  as  possible  obscured  by  the  influence 
of  indefinite  amounts  available  from  manure.  It  has  been  shown  that 
the  determined  amounts  of  combined  nitrogen  annually  coming  down  iu 
the  measured  aqueous  deposits  from  the  atmosphere  in  the  open  country 
are  entirely  insufficient  to  do  more  than  supply  a  small  proportion  of  the 
nitrogen  assimilated  by  crops  so  grown.  With  regard  to  other  possible 
supplies  of  already  combined  nitrogen  from  the  atmosphere  to  the  soil, 
it  has  been  j)ointed  out  that  there  is  no  quantitative  evidence  whatever 
at  command,  and  that  such  evidence  as  does  exist  leads  to  the  conclu- 
sion that  such  supplies  are  very  limited  and  inadequate.  The  same 
may  be  said,  even  in  a  greater  degree,  of  the  supposed  combination  of 
the  free  nitrogen  of  the  air  within  the  soil ;  also  of  the  supposition  that 
plants  take  up  any  material  proportion  of  their  nitrogen  from  combined 
nitrogen  in  the  atmosphere  by  their  leaves.  Finally  it  has  been  concluded 
that  the  balance  of  direct  experimental  evidence  is  decidedly  against  the 
supposition  that  plants  assimilate  the  free  nitrogen  of  the  atmosphere. 
Indeed,  the  strongest  argument  that  we  know  of  in  favor  of  such  a  sup- 
position is  that,  in  defect  of  other  conclusive  evidence,  some  such  ex- 
planation of  the  facts  of  production  would  seem  to  be  needed. 

THE  NITROGEN  OF  THE  SOIL  A  SOURCE  OF  THE  NITROGEN  OF  CROPS. 

We  now  turn  to  that  part  of  the  subject  which  it  is  the  special  object 
of  this  communication  to  bring  forward,  namely,  the  determinations  of 
nitrogen  in  the  soils  of  some  of  the  experimental  fields  at  Rothamsted, 
the  yield  in  nitrogen  of  which  has  been  given,  and  to  show  the  bear- 
ing of  the  results  on  the  question  of  the  sources  of  the  nitrogen  of  the 
crops. 

We  have  no  wish  or  intention  to  ignore  the  difficulties  inherent  in  the 
treatment  of  the  subject  from  this  point  of  view.  The  difficulty  of  the 
problem  will  at  once  be  recognized  when  it  is  borne  in  mind  that  a  dif- 
ference of  .001  in  the  percentage  of  nitrogen  in  the  dry  soil  may  rep- 
resent a  difference  of  from  20  to  25  pounds  of  nitrogen  per  acre,  in  a 
layer  of  9  inches  in  depth.  Again,  when  it  is  further  borne  in  mind  that, 
in  the  case  of  the  Rothamsted  arable  soils  with  which  we  have  to  deal, 
the  percentage  of  nitrogen  in  the  first  9  inches  of  depth  is  sometimes 
7709 11 
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only  about  0.1,  and  seldom  exceeds  .14  or  .15;  that  the  percentage  in 
the  second  9  inches  ranges  from  under  .06  to  about  .07,  and  that  that 
of  the  lower  depths  is  rather  lower  still,  it  will  be  seen  that  if  any 
quantitative  estimates  are  to  be  based  on  the  percentage  amounts  of 
nitrogen  determined  in  samples  of  soil  from  different  depths,  the 
greatest  care  must  be  taken  to  insure  that  the  samples  truly  represent 
the  exact  depth  supposed.  The  mode  usually  adopted  of  taking  samples 
of  an  indefinite  area,  perhaps  not  to  a  definite  depth,  and  almost  cer- 
tainly not  of  uniform  breadth  or  width  to  the  depth  taken,  is  obviously 
quite  inapplicable  for  the  purposes  of  any  such  inquiry  as  that  sup- 
posed. 

Unfortunately,  the  few  samples  of  soil  that  were  collected  in  the  early 
years  of  the  Rothamsted  field  experiments  were  not  taken  in  such  a  man- 
ner as  to  afford  results  applicable  to  our  purpose.  Commencing  in  1856, 
however,  the  mode  adopted  has  been,  after  carefully  leveling^  the  soil, 
to  drive  down  a  square  frame,  made  of  strong  sheet  iron,  open  at  top 
and  bottom,  and  of  an  exact  area,  and  of  an  exact  depth,  to  the  level 
of  the  surface.  The  inclosed  soil  is  then  carefully  taken  out,  and  its 
weight  determined.  The  soil  around  the  frame  is  then  removed  to  the 
level  of  its  lower  edge,  and  it  is  again  driven  down,  and  the  inclosed  soil 
removed;  and  this  process  is  repeated  until  the  desired  depth  of  sam- 
pling is  reached. 

Of  surface  soils,  samples  are  taken  from  three,  four,  or  as  many  as 
eight  places  on  the  same  plot.  A  portion  of  each  such  sample  is  kept 
separate,  as  a  means  of  testing  the  range  of  variation,  and.  if  need  be, 
of  correction  in  case  of  anv  abnormal  results  due  to  accidental  animal 
droppings  or  other  causes.  Another  portion  of  each  separate  sample 
is  used  to  make  a  mixture  of  all.  In  the  case  of  the  subsoils,  the  sep- 
arate samples  of  corresponding  depth  from  the  same  plot  are  at  once 
mixed.  Surface  soils  are  sometimes  taken  of  an  area  of  12  by  12 
inches,  but  sometimes  of  only  6  by  6  inches,  and  subsoils  almost  inva- 
riably of  the  smaller  area.  The  depth  of  each  sample  is  generally  9 
inches ;  but  in  some  special  cases  it  has  been  only  3  inches,  and  in 
some  6!  inches.  It  is  perhaps  to  be  regretted  that  the  depth  originally 
fixed  upon  did  not  more  nearly  represent  that  to  which  the  soil  is  more 
directly  affected  by  the  mechanical  operations,  and  by  the  application 
of  manure,  say  6  inches.  But  having  originally  adopted  9  inches,  it  has 
been  necessary  to  adhere  to  this  depth, subsequently,  in  order,  as  far 
as  possible,  to  obtain  comparable  results  at  different  dates. 

The  soils  when  brought  to  the  laboratory  are  first  broken  up  and 
partially  dried  in  a  stove  room  at  a  temperature  of  about  130°  P.  to 
arrest  nitrification,  which  would  be  liable  to  take  place  if  the  soils  were 
moist.  Next  the  stones  are  removed  ;  first  those  retained  by  a  sieve  of 
1-inch  mesh,  next  by  a  sieve  of  one-half-inch  mesh,  and  then  by  a  one- 
fourth  inch  sieve.  All  that  passes  the  one-fourth  inch  sieve  is  termed 
the  mold.     Portions  of  this  are  very  finely  powdered  and  sifted  for  ana- 
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lysis,  and  the  weights  being  recorded  at  each  stage  of  preparation,  and 
the  water  lost  on  drying  at  10o  C  being  determined  on  the  finely  pow- 
dered mold,  all  results  of  analysis  are  calculated  into  percentage  on 
the  so-determined  dry  mold.  From  the  same  data  the  amount  of  dry 
mold  per  acre  is  calculated,  and  upon  this  the  amount  of  nitrogen  per 
acre.  It  will  be  seen  further  on,  that  notwithstanding  the  means 
adopted  to  secure  uniformity,  the  amounts  of  dry  mold  per  acre  cal- 
culated for  a  given  depth  from  the  samples  taken  vary  considerably 
for  the  same  held  at  different  times,  according  to  The  dryness  or  wetness 
of  the  stM>v>m  the  condition  of  the  laud  as  affected  by  the  crop,  the. 
mechanical  operations,  and  other  circumstances.  The  amounts  also 
vary  very  considerably  for  the  soils  of  adjoining  fields. 

NITROGEN  IX  IKE  SOILS  OF  THE    EXPERIMENTAL  WHEAT  PLOTS. 

The  fir-r  series  of  determinations  of  nitrogen  to  which  attention  will 
be  called  relates  to  those  made  in  the  soils  of  some  of  the  plots  of  Broad- 
balk  field,  which  has  now  grown  wheat  for  thirty-nine  yeais  in  succes- 
sion, and  the  yield  of  nitrogen  in  whien.  on  the  plots  receiving  no  nitro- 
gen in  manure,  lias  been  given  in  Table  I.  It  will  be  remembered  that, 
under  those  conditions,  there  was  a  very  marked  decline  in  the  annual 

yield  of  nitrogen  in  the  crop,  both  without  any  manure  and   with  a 
mixed  mineral  manure  used  alone. 

The  first  wheat  crop  of  the  series  was  harvested  inls44,  and  although 
isolated  samples  of  the  soil  were  taken  in  the  early  years,  it  was  not 
until  1S56  that  any  were  collected  on  the  plan  now  followed.  At  that 
date  only  four  plots  were  sampled,  and  only  to  the  depth  of  the  first  9 
inches.  Eight  samples  were,  however,  taken  from  each  plot,  each  12 
by  12  inches  area,  and  the  eight  were  mixed  together.  In  1865,  samples 
were  taken  from  eleven  plots,  from  eight  places  on  each  plot,  each 
sample  12  by  12  inches  area,  and  this  time  to  a  depth  three  times  9 
inches,  or  to  a  total  depth  of  27  inches.  Lastly,  in  1881,  twenty  plots 
were  sampled;  six  samples,  each  0  by  6  inches  area,  were  taken  from 
each  plot,  and  in  each  case  to  three  depths  of  9  inches  each,  or  in  all  to 
27  inche>. 

Thus,  it  is  only  in  1805  and  in  1881  that  we  have  any  considerable 
series  of  samples  and  the  nitrogen  determined  in  them  :  that  is,  in  1805 
after  the  twenty-second,  and  in  1881  after  the  thirty- eighth  crop  had 
been  removed.  It  is  obvious  that,  if  the  results  at  these  two  periods 
are  to  be  compared,  we  must  first  determine  whether  the  samples  tak3n 
represent  layers  of  equal  depth  and  weight  in  the  two  cases.  Confining 
attention  on  the  present  occasion  to  the  results  relating  to  the  first  9 
inches  of  depth,  the  following  figures  show  the  average  weight  of  dry 
mold  per  acre,  that  is,  of  soil  excluding  stones  and  moisture,  calculated 
from  the  weight  of  :he  samples  taken,  and  from  the  results  of  the  me- 
chanical separation,  and  of  the  determination  of  moisture  in  the  soils. 
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For  1865,  the  calculations  are  based  on  the  results  afforded  by  eighty 
samples,  eight  from  each  of  ten  of  the  eleven  plots,  the  eleventh  being 
the  one  annually  receiving  farm -yard  manure;  and  for  1881  they  are 
based  on  the  results  relating  to  one  hundred  and  fourteen  samples,  that 
is,  six  samples  each  from  nineteen  plots,  again  excluding  the  one  with 
farm-yard  manure. 


Calculated 
X  umber  of  samples.  dry  mold 

per  acre. 


Pounds. 

j.865,  10  plots,  eight  samples  from  each 2,  298,  038 

1881,  19  plots,  six  samples  from  each 2,  552,  202 

The  importance  of  taking  samples  of  definite  area  and  depth,  and  of 
determining  the  weights,  is  here  strikingly  illustrated,  Thus,  it  is  ob- 
vious that  the  samples  analyzed  in  1881  represented,  on > the  average, 
almost  exactly  one-ninth  more  soil  per  acre  than  those  analyzed  in  1865. 
In  other  words*  if  the  samples  of  1865  fairly  represented  9  iuches  of 
depth  in  the  average  condition  of  consolidation  of  the  soil,  those  of  1881 
represented  10  inches  of  soil  in  the  same  condition ;  that  is,  they  in- 
cluded 1  inch  more  of  subsoil,  with  its  much  lower  percentage  of  nitro- 
gen than  the  9  inches  above  it.  It  may,  of  course,  be  a  question  whether 
the  condition  of  consolidation  of  the  soil  was  the  more  normal  at  the 
one  period  or  at  the  other ;  audit  would  make  scarcely  any  difference  in 
the  relation  of  the  results  to  one  another  at  the  two  periods,  whether 
the  actually  determined  percentages  of  nitrogen  in  the  1865  samples 
were  lowered  on  the  assumption  that  they  should  have  included  1  inch 
more  of  subsoil,  or  whether  the  determined,  percentages  in  the  18S1 
samples  are  raised  on  the  assumption  that  they  contained  1  inch  too 
much  of  subsoil.  We  have  concluded,  from  a  consideration  of  all  the 
facts  at  command,  that  the  latter  alternative  is  upon  the  whole  the  best. 
We  adopt,  therefore,  the  percentages  of  nitrogen  as  actually  determined 
in  the  1865  samples,  and  we  assume  the  weight  of  mold  (9  inches  deep) 
represented  by  the  samples  to  be  2,300,000  pounds  per  acre.  But  in  the 
case  of  the  1881  samples  we  assume  that  one-tenth  of  the  heavier  weight 
had  the  composition  determined  in  the  second  9  inches  (it  would  be  very 
slightly  higher),  and  the  percentage  in  the  remaining  nine-tenths,  rep- 
resenting 2,300,000  pounds  of  surface  soil,  is  raised  by  calculation  ac. 
cordingly. 

The  following  table  (VIII)  gives  for  the  surface  soils  (9  inches  deep),  of 
the  uninanured  plot,  and  the  nine  artificially  manured  plots  sampled  in 
1865,  the  actually  determined  percentages  of  nitrogen  in  the  dry  mold, 
and  for  the  1881  samples  from  the  same  plots,  both  the  actually  deter- 
mined percentages  and  the  corrected  percentages,  calculated  as  above 
described.  The  table  also  shows  the  amount  of  nitrogen  per  acre,  reck- 
oning 2,300,000  pounds  of  dry  mold,  calculated  for  1S65  according  to  the 
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actually  determined  percentages,  and  for  1881  according  to  the  corrected 
percentages.  The  quantities  per  acre  more  (+)  or  less  ( — )  in  1881 
than  in  18G5  are  also  given.  Lastly,  for  each  period  are  given  the  quan- 
tities more  or  less  on  each  of  the  other  plots  than  on  plot  5a,  which 
received  the  mineral  manure  alone. 


Table  VIII. — Beoadbalk  Field  Soils. 

Nitrogen  per  cent,  in  the  dry  mold  and  per  acre. 

[Wheat  thirty-nine  years  in  succession,  lc43-'4  to  1881-2,  inclusive.] 


• 

Nitrogen. 

Per  cent,  in  dry  mold. 

Per  acre,  2,300,000  pounds  dry  mold, 

1865. 

1881. 

1865. 

1881. 

1 

u 

©id 

+3 

T-> 

00 
OO 

+  or  —  plot  5a. 

02 

+=> 
O 

i— i 

PH 

Actual. 

Actual. 

Cor- 
rected. 

1865. 

1881. 

1881 
+  or — 
1865. 

3 

Unmanured 

Mixed  mineral  manure 

Mixed  mineral  manure  and  am- 
monia salts,  =  86  pounds  nitro- 
gen. 

Mixed  mineral  manure  and  ni- 
trate of  soda,  =  86  pounds  ni- 
trogen. 

Ammonia  salts,  =  86  pounds  ni- 
trogen (1845  and  since). 

Ammonia  salts,  =  86  pounds  ni- 
trogen and  superphosphate. 

Ammonia  salts,  =  86  pounds  ni- 
trogen, superphosphate,  and 
soda. 

Ammonia  salts,  =  86  pounds  ni- 
trogen, superphosphate,  and 
potassa. 

Ammonia  salts,  =  86  pounds  ni- 
trogen, superphosphate,  and 
magnesia. 

Ammonia  salts,  =  172  pounds  ni- 
trogen and  mixed  mineral  ma- 
nure. 

Per  ct. 
0. 1090 
0. 1119 
0. 1230 

0. 1232 

0. 1108 
0. 1171 
0. 1208 

0. 1206 

0. 1197 

0. 1264 

Per  ct. 

0. 1009 
0.  0981 
0. 1207 

0. 1200 

0. 1034 
0. 1121 
0. 1155 

0, 1191 

0. 1163 

0. 1066 

Per  ct. 
0. 1045 
0. 1012 
0. 1264 

0. 1253 

0. 1074 
0. 1164 
0. 1202 

0. 1245 

0. 1215 

0. 1122 

Lbs.  1  Lbs. 
2,507   2,404 
2,  574    2.  3?8 

Lbs. 
—103 
—246 
+  79 

-1-49 

—77 
—17 

_18 

-4-89 

+41 

-350 

Lbs. 

Lbs. 

Lbs-. 

5re 

la 

9« 

10a 
11a 
12a 

13« 

14a 

16a 

2,829 

2,834 

2,548. 
2,693 

2,778 

2,774 
2,753 
2,  907 

2,908 

2,883 

2,471 
2,676 
2,765 

2,863 

2,794 

2,557 

+  255 

+  260 

—26 
+119 

+204 

+200 
+179 
+  333 

+  580 

+  555 

+143 
+348 
+437 

+535 

+466 

+229 

+  325 

+295 

+169 
+229 

+233 

+335 
+287 
—104 

As  already  said,  in  1865  the  land  had  grown  twenty-two  crops,  and 
in  1881  thirty-eight  crops  of  wheat  in  succession.  Plot  3  had  been 
unmanured  from  the  commencement.  Plot  10a  received  mineral  ma- 
nure in  the  first  year,  but  the  ammonia  salts  alone  each  year  since.  The 
remaining  plots  were  somewhat  variously  manured  during  the  first 
eight  of  the  thirty-eight  years;  but  (excepting  plot  16)  each  has  been 
manured  every  year  for  the  last  three  of  the  thirty-eight  years,  as  dis- 
cribed  in  the  table. 

It  will  be  observed  that  for  every  plot,  the  actual  determinations  show 
a  lower  percentage  of  nitrogen  in  1881  than  in  1865.  The  corrected  per- 
centages for  1881  are,  of  course,  all  rather  higher  than  the  actual  deter. 
initiations,  and  they,  in  some  cases,  show  a  higher  and  in  others  a  lowei 
percentage  than  in  1865.     Nevertheless,  it  cannot  fail  to  be  noted  that 
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the  rotation  of  plot  to  plot  is  essentially  accordant  at  the  two  periods. 
The  significance  of  the  results  will,  however,  be  rendered  the  more  ap- 
parent on  an  examination  of  the  calculated  quantities  per  acre.  It  is 
obvious  that  absolute  accuracy  cannot  be  claimed  for  such  figures,  but 
the  general  accordance  of  the  indications  at  the  two  periods  is  such  as 
to  leave  no  doubt  of  their  import. 

Keeping  in  view  the  special  object  of  this  communication,  which  is  to 
show  the  bearing  of  what  may  be  called  the  nitrogen  statistics  of  the 
soils,  on  the  question  of  the  source  of  the  nitrogen  in  the  crops,  it  will 
be  seen  that  during  the  sixteen  years,  from  1865  to  1881,  both  the  un- 
manured plot  (3)  and  the  mineral  manured  plot  (5a),  the  yield  of  nitro- 
gen in  the  crops  of  which  declined  so  strikingly,  show  a  great  reduction 
in  the  stock  of  nitrogen  in  the  surface  soil.  The  reduction  in  these 
later  years  is  considerably  greater  in  the  surface  soil  of  the  mineral  ma- 
nured than  in  that  of  the  entirely  unmanured  plot,  the  previous  accu- 
mulation in  which  had  been  mauy  more  years  subject  to  exhaustion. 
Taking  the  results,  however,  for  the  first,  second,  and  third  9  inches, 
the  calculated  loss  to  the  depth  of  27  inches  is  approximately  the  same 
for  the  two  plots.  The  figures  recorded  for  the  first  9  inches  only  are, 
however,  sufficient  to  show  that  the  decline  in  the  yield  of  nitrogen  in 
the  crop  where  none  has  been  supplied  in  manure,  is  accompanied  by  a 
decline  in  the  stock  of  nitrogen  in  the  soil. 

A  further  illustration  on  this  point  is  afforded  by  the  results  for  plot 
16a.  For  the  thirteen  years,  1852-1864,  plot  16  received,  besides  the 
mixed  mineral  manure,  twice  as  much  ammonium-salts  as  any  of  the  other 
plots,  the  results  for  which  are  given  in  the  table,  and  it  gave  on  the 
average  of  those  years  39J  bushels  of  grain  per  acre  per  annum.  Since 
1864,  however,  the  plot  has  been  left  unmanured,  and  during  the  seven- 
teen years,  1865-1881,  it  has  yielded  an  average  of  onlyHf  bushels  of 
grain ;  and  in  recent  years  the  produce  has  been  very  little  more  than  with- 
out manure,  or  with  purely  mineral  manure.  The  table  shows  that  in  1865, 
that  is,  after  one  crop  had  been  removed  since  the  application  of  the 
excess  of  ammonia  salts,  the  surface-  soil  still  contained  considerably 
more  nitrogen  than  any  other  plot  in  the  series.  In  1881,  however,  after 
sixteen  years  more  of  cropping  without  manure,  the  stock  of  nitrogen 
on  the  plot  was  reduce*!  by  a  greater  amount  than  on  any  other  plot, 
and  to  a  lower  point  than  on  any  other  of  the  ammonium  plots,  except- 
ing plot  10  with  the  ammonium  salts  alone. 

Let  us  now  refer  to  the  last  three  columns  in  the  table,  which  shows  for 
-each  of  the  plots  receiving  ammonium  salts  the  amount  of  nitrogen  per 
acre  in  the  surface  soil,  more  or  less  than  in  that  of  plot  5a,  with  min- 
eral manure  alone.  All  the  plots,  7  to  14  iuclusive,  received  the  same 
quantity  of  nitrogen,  namely,  86  pounds  per  acre  per  annum.  But  it 
will  be  seen  that  the  excess  of  nitrogen  in  the  surface  soils  compared 
with  the  mineral  manured  plot  5,  varies  exceedingly;  in  fact,  it  is  ob- 
vious that  the  amounts  have  no  direct  relation  to  the  amount  of  nitro- 
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gen  supplied  in  the  manure.  The  following  table  will  afford  some  ex- 
planation of  these  differences.  The  plots  under  consideration,  allot'  which 
received  the  same  amount  of  nitrogen  in  manure,  are  there  given  in  the 
order  of  their  average  annual  increased  yield  of  nitrogen  in  the  crops 
over  plot  5.  The  "first  column  shows  the  estimated  average  annual  in- 
creased yield  of  nitrogen  per  acre  in  the  crops :  the  second,  the  estimated 
annual  loss  of  nitrogen  as  nitric  acid  by  drainage :  the  third,  the  esti- 
mated annual  excess  of  nitrogen  in  the  surface  soil  over  that  on  plot 
5  with  the  mineral  manure  alone;  and  the  last  column  shows  the  rela- 
tion which  that  excess  in  the  soil  bears  to  100  increased  yield  in  the 
crops. 

Table  IX. — Estimated  nitrogen  per  acre  per  annum. 
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Pounds. \Pounds.  Pounds.  Pounds. 

10  Auini.  salts  =  86  pounds  N.  (1845  and  since) !  12.  4-  31.  2  4.  8  j  38.  7 

11  Auim.  sabs  =  86  pounds  X.  and  superphosphate 17.7  28.5  11.  6  65.5 

12  Amni.  salts  =  86  pounds  X.  superphos.  and  soda 22. 2  24.  5  14.  6  65.  8 

13  Amni.  salts  =  86  pounds  X.  superphos.  and  potass 23.4  25.6  17.  8  76.1 

14  Anim.  salts  =  86  pounds  X.  superphos.  and  raag'a 24. 1  27.  5  15.  5  64.  3 

7  Aram,  salts  =  86  pounds  X.  and  mixed  ruin,  man 25.  9 

9  Nit.  soda  =  86  pounds  X".  and  mixed  ruin,  man 26.  0 


19.0         19.3  .        74.5 
23. 7         18. 5  71. 2 


It  is  seen  that  the  increased  yield  of  nitrogen  in  the  crops  also  varied 
exceedingly  with  the  same  amount  supplied  in  manure,  according  to 
the  condition  as  to  supply  of  mineral  constituents.  Plot  10,  with  the 
ammonium  salts  alone,  gives  the  smallest  increased  yield  of  nitrogen 
in  the  crop  :  and  plots  7  and  9,  with  the  most  complete  mineral  manure, 
each  more  than  twice  as  much :  the  other  plots  giving  intermediate 
amounts.  The  Order  of  the  estimated  loss  of  nitrogen  by  drainage  is 
almost  the  converse  of  that  of  the  increased  yield  in  the  crops.  Plot 
10,  which  gives  the  least  increased  yield  in  the  crop,  shows  the  greater 
loss  by  drainage;  and  plots  7  and  9,  which  yield  the  greatest  increase 
in  the  crop,  show  the  least  loss  by  drainage.  The  excess  in  the  soils 
(over  plot  5)  is  obviously  much  more  in  the  order  of  the  increased  yield 
in  the  crops.  Plot  10,  with  the  least  in  the  increase  of  crop  and  the 
most  in  the  drainage,  shows  the  least  excess  in  the  soil,  whilst  plots 
7  and  9,  with  the  greatest  increased  yield  in  the  crop  and  the  least  loss 
by  drainage,  show  the  greatest  excess  in  the  soil. 

It  is  clear,  therefore,  that  whilst  the  excess  in  the  soil  has  no  direct 
relation  to  the  amount  supplied  in  the  manure,  it  has  a  very  obvious 
relation  to  the  increased  yield  in  the  crop:  in  other  words,  to  the  amount 
of  growth.  The  last  column  of  the  table  brings  this  out  more  clearly. 
Excepting  in  the  case  of  plot  10,  with  the  ammonium  salts  alone,  there  is  a 
general  uniformity  in  the  proportion  of  the  excess  in  the  soil  over  plot  5 
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to  the  increased  yield  in  the  crop  over  plot  5 ;  and  the  variations,  such 
as  they  are,  have  an  obvious  connection  with  the  conditions  of  growth. 
Thus,  plots  11,  12,  and  14,  all  with  a  deficient  supply  of  potass,  show 
approximately  equal  proportions  retained  in  the  soil  for  100  of  increase 
in  the  crop.  Plots  13,  7,  and  9,  again,  all  with  liberal  supplies  of  potass, 
show  higher,  but  approximately  equal,  proportions  retained  in  the  surface 
soil  for  100  of  increased  yield  in  the  crop.  Upon  the  whole,  it  is  ob- 
vious that  the  relative  excess  of  nitrogen  in  the  soils  of  the  different 
plots  is  little,  if  at  all,  due  to  the  direct  retention  by  the  soil  of  the 
nitrogen  of  the  manure,  but  is  almost  exclusively  dependent  on  the 
difference  in  amount  of  the  residue  of  the  crops — of  the  stubble  and 
roots,  and  perhaps  of  weeds. 

Recurring  to  the  main  point,  which  it  is  our  object  to  elucidate,  there 
can  be  no  doubt  that  the  determinations  of  nitrogen  in  the  surface  soils 
of  the  different  plots  of  the  experimental  wheat  field,  at  different  dates, 
establish  the  fact  that  the  decline  in  the  yield  of  nitrogen  in  the  crops 
is  accompanied  by  a  decline  in  the  stock  of  nitrogen  in  the  soil.  It  will 
be  well  to  consider  as  far  as  the  data  at  command  will  allow,  what  rela- 
tion the  yield  of  the  nitrogen  in  the  crops  bears  to  the  loss  of  nitrogen 
by  the  soil?  On  this  point  it  may  be  stated  that,  taking  the  average 
of  thirty  years,  1852-1881,  it  is  estimated  that  the  unmanured  plot 
yielded  18.6  pounds  of  nitrogen  in  the  crops  and  10.3  pounds  in  the 
drainage,  or  in  all  28.9  pounds  per  acre  per  annum  over  that  period,  In 
like  manner  it  is  estimated  that  plot  5,  whiuh  received  nitrogenous  as 
well  as  mineral  manure  during  the  preceding  eight  years,  but  mineral 
manure  alone  during  the  thirty  years,  yielded  20.3  pounds  of  nitrogen  in 
the  crops  and  12  pounds  in  the  drainage,  or  in  all  32.3  pounds  per  acre  per 
annum.  It  would  thus  appear  that  without  nitrogenous  manure  about 
30  pounds  of  nitrogen  has  been  contributed  per  acre  per  annum  to  crop 
and  drainage  together.  The  determinations  of  nitrogen  in  the  soils  of 
the  two  plots  indicate  that  they  have  lost  an  average  of  about  two- 
thirds  of  this  amount  annually  to  the  depth  of  27  inches.  There  would, 
therefore,  according  to  this  reckoning,  remain  about  one-third — say  10 
pounds  more  or  less — to  be  contributed  by  seed,  by  rain,  and  condensa- 
tion from  the  atmosphere,  and  by  all  the  other  supplies  of  combined 
nitrogen,  which  haATe  been  supposed  to  be  available,  whether  of  the 
combination  of  free  nitrogen  within  the  soil,  or  its  assimilation  by  the 
plant.  Of  this  amount  about  2  pounds  will  be  due  to  seed,  and  if  we 
suppose,  say,  only  5  pounds  to  be  annually  supplied  by  rain  and  the 
minor  aqueous  deposits  from  the  atmosphere,  there  is  but  little  left  to  be 
provided  by  all  the  other  sources  assumed. 

NITROGEN   IN   THE  SOILS  OF  THE  EXPERIMENTAL  BARLEY  PLOTS. 

Lii fortunately  we  have  not  so  complete  a  scries  of  determinations  of 
nitrogen  in  the  soils  of  the  experimental  barley  plots  as  of  those  in  the 
experimental  wheat  Held.     In  1868  four  of  the  barley  plots  were  sampled, 


FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS.  169' 

four  samples,  each  6  by  6  inches  area,  by  9  inches  deep,  were  taken 
from  each  plot,  and  the  four  mixed  together.  In  March,  1882,  26  plots 
were  sampled,  four  samples  being  taken  from  each  plot,  each  6  by  fl- 
inches area,  aud  to  the  depth  of  three  times  9  or  27  inches.  Of  the  plots 
sampled  in  1868  only  one  had  received  no  nitrogenous  manure,  but  we* 
are  able  to  give  the  percentage  of  nitrogen  in  the  surface  soil  of  this 
plot  at  the  two  dates. 

Table  X. — Hoosfield  Barley  Laxd. 

Nitrogen,  per  cent,  in  the  dry  mold,  first  9  inches. 
[Barley  thirty-one  years  in  succession,  1852-1882  inclusive.  ] 


Kind  of  manure. 

1868. 

1882. 

Alixed  mineral  manure  alone .. 

Per  cent. 
0. 1202 

Per  cent. 
0. 1124 

The  calculated  average  weights  of  dry  mold  per  acre,  to  the  depth 
of  9  inches,  were  not  very  different  at  the  two  dates.  The  1882  samples- 
were,  however,  slightly  the  heavier,  which  would  indicate  that,  for  com- 
parisou,  the  percentage  of  nitrogen  given  for  the  later  date  is  perhaps 
somewhat  too  low.  Still,  it  is  obvious  that,  as  in  the  case  of  the  wheat 
land,  so  also  in  that  of  the  barley  land,  there  is,  with  the  decline  in  the 
yield  of  nitrogen  in  the  crop  at  the  same  time  a  decline  in  the  stock  of 
the  nitrogen  in  the  soil. 

NITROGEN  IN   THE    SOILS   OF    THE   EXPERIMENTAL  ROOT- CROP  PLOTS. 

The  next  results  relate  to  the  land  upon  which  root  crops — common 
turnips,  swedes,  sugar-beet,  and  mangel-wurzel — have  (with  the  excep- 
tion of  the  interpolation  of  three  years  of  barley)  been  grown  for  forty 
years  in  succession,  1843-1882  inclusive.  Samples  of  the  soil  have  only- 
been  taken  once,  namely,  in  April,  1870;  that  is,  after  the  experiment 
had  been  continued  twenty-seven  years.  At  that  time  35  plots  were 
sampled,  and  four  samples  were  taken  from  each  plot,  each  6  by  6  inches 
area,  and  to  a  depth  of  3  times  9  or  27  inches. 

The  following  table  shows  the  percentage  of  nitrogen  in  the  surface- 
soil  of  the  continuously  unmanured  plot,  and  of  three  plots  with  mineral 
manure  alone : 

Table  XL — Barnfield  Root-crop  Lani>. 

Xitrogen,  per  cent,  in  dry  mold,  first  9  inches. 
[Root  crops  (except  bailey  three  years)  forty  years  in  succession,  1843-1882  inclusive.] 

Kinds  of  manure.  1870. 


Pi  .•  cent. 
Plot  3.— Unmanured 0.  0852 


Plot  4. — Mixed  mineral  manure 0.  0934- 

Plot  5. — Superphosphate  alone 0.0888 

Plot  6. — Superphosphate  and  potass 0.  086T 


Mean  of  plots  4,  5,  and  6 


0.  089G 
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Having'  only  taken  samples  once.  we  have,  of  course,  no  means  of  com- 
paring the  condition  of  the  land  as  to  its  percentage  of  nitrogen  at  dif- 
ferent periods.  The  point  to  be  observed  in  the  results  given  in  the 
table  is,  that  each  of  the  four  plots  which  have  received  no  nitrogenous 
manure  shows,  after  twenty-seven  years  of  experiment  (twenty -four 
years  roots  and  three  years  barley),  a  lower  percentage  of  nitrogen  in 
the  surface  soil  than  has  been  found  in  any  of  the  other  experimental 
fields,  though  determinations  made  in  samples  from  other  parts  of  the 
same  field,  and  also  in  an  adjoining  field,  show  considerably  higher  re- 
sults. The  nearest  approach  to  so  low  an  amount  in  any  other  field  is 
where  the  land  had  been  under  alternate  wheat  and  fallow  for  more  than 
thirty  years. 

It  will  be  remembered  that  the  root  crops  gave  with  mineral  manure 
alone  a  very  much  higher  yield  of  nitrogen  than  the  cereals  in  the 
earlier  years  and  as  low  a  yield  in  the  later  years.  That  they  did  not 
give  less  still  is  probably  owing  to  the  fact  that  their  growth  extends 
later  in  the  season  than  the  cereals,  by  virtue  of  which  they  are  prob- 
ably enabled  to  arrest  the  nitric  acid  formed  within  the  soil  during  the 
autumn  months,  which  in  the  case  of  the  cereals  would  be  more  subject 
to  loss  by  drainage. 

Both  the  mechanical  conditions  of  surface  soil  known  to  be  favorable 
for  the  growth  of  the  root  crops,  and  the  large  amount  of  fibrous  root 
they  throw  out  near  the  surface,  indicate  an  active  demand  on  the  re- 
sources of  the  upper  layers  of  the  soil,  and  are  perfectly  consistent  with 
the  supposition  that  their  growth  has  led  to  a  greater  reduction  in  the 
stores  of  nitrogen  of  the  superficial  layers  than  in  the  case  of  any  of 
the  other  crops. 

The  evidence  afforded  both  by  the  facts  of  production  and  the  deter- 
minations of  nitrogen  in  the  soil  are  indeed  strongly  in  favor  of  the  view 
that  the  source  of  the  nitrogen  of  the  root  crops,  as  of  the  cereals,  is,  when 
grown  without  nitrogenous  manure,  the  soil  itself,  and  the  small  quan- 
tity of  combined  nitrogen  annually  contributed  by  rain,  and  the  minor 
aqueous  deposits  from  the  atmosphere.  It  is  said,  however,  that  these 
crops  require  a  certain  amount  of  nitrogen  to  be  supplied  by  manure, 
and  that  they  then  are  able  to  take  up  the  remainder  from  atmospheric 
sources.  The  facts  of  production  recorded  at  page  7  afford  no  counten- 
ance to  such  a  view.  We  conclude,  indeed,  that  the  dependence  of 
these  crops  for  their  nitrogen,  on  the  stores  of  the  soil  itself,  or  on  sup- 
plies by  manure,  is  as  clearly  established  as  in  the  ease  of  the  cereals. 

IS   THE    SOIL   A    SOURCE    OF     THE   NITROGEN    OF    THE    LEGUMINOS^E  \ 

We  have  now  to  consider  the  bearing  of  the  evidence  on  the  question 
of  the  source  of  the  nitrogen  of  the  leguniinosse,  and  here  we  approach 
QOl  only  the  most  important  but  the  most  difficult  part  of  our  subject. 

The  first  of  the  leguminous  crops,  the  yield  of  nitrogen  in  which  is 
recorded  in  Table  I.  is  beans.     Without  manure  the  yield  *A'  nitrogen 
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was  in  the  earlier  years  very  much  higher  than  with  the  cereals ;  but 
the  decline  was  very  great,  and  in  the  later  years  it  was  as  low  as  with 
the  cereals.  With  mixed  mineral  manure,  including  potass,  the  yield 
was  throughout  much  higher,  but  the  decline  was,  as  without  manure, 
very  great.  We  have  not  a  sufficiently  comparative  series  of  determine  - 
tions  of  nitrogen  in  the  soils  of  the  bean  plots,  but  such  results  as  are 
at  command  lead  to  the  conclusion  that  there  has  been  a  gradual  de- 
cline in  the  percentage  of  nitrogen  in  the  surface  soils  ;  but,  consider- 
ing the  little  tendency  of  the  plant  to  throw  out  feeding  root  in  the 
superficial  layers,  it  may  be  a  question  how  far  the  reduction  is  due.  to 
exhaustion  by  the  direct  action  of  growth,  or  how  far  to  nitrification 
and  passage  of  the  nitrates  downwards. 

NITROGEN   IN  THE   SOILS   OF   THE   EXPERIMENTAL    CLOVER-PLOTS. 

The  most  important  of  the  leguminous  crops  to  which  reference  has 
been  made  is  red  clover.  In  Table  I  is  recorded  the  yield  of  nitrogen 
over  twenty-two  years,  in  only  six  of  which,  however,  was  any  crop 
obtained.  Tbe  experiment  has  been  continued  with  some  modifications, 
and  in  1877,  that  is  after  thirty  years,  in  nine  of  the  last  ten  trials  the 
plant  had  died  ofT  during  the  winter  and  spring, succeeding  the  sowing 
of  the  seed.  Several  small  crops  have  since  been  obtained,  and  m 
March,  1881,  samples  of  soil  were  taken  from  five  places  where  no  nitro- 
genous manure  has  been  applied  from  the  commencement,  and  at  each 
place  to  three  depths  of  9  inches  each.  Exactly  corresponding  samples 
were  also  taken  from  an  immediately  adjoining  plot,  which  had  been 
thirty  years  under  alternate  wheat  and  fallow,  without  manure  of  any 
kind.  The  nitrogen  was  determined  in  each  of  the  five  separate  sam- 
ples, and  also  in  the  mixture  of  the  five.  Table  XII  summarizes  the  re- 
sults. 

Table  XII.— Hoosfield  Clover  and  Wheat  and  Fallow  Land. 

Nitrogen,  per  vent,  in  dry  mold,  first  9  inches, 

[Experiments  more  than  thirty  years.] 


Mean. 


Clover  land.     Fallow  land. 


Mean  on  five  .separate  samples   . . 
Mean  on  mixture  of  five  samples. 


Pel 

0. 10C7 
0.1055  j 

Per  cent. 
0.  0925 
0.  0984 

Mean 0. 10G1  ;  0.0955 

It  is  true  that  the  tendency  of  the  evidence  on  the  point  is  t<>  show 
that  red  clover  derives,  at  any  rate,  much  of  its  nitrogen  from  the 
lower  layers  of  the  soil :  but  it  is  surely  significant  that,  after  the  growth 
of  heavy  crops  in  1849,  when  the  land  was  in  ordinary  condition  as  to 
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manuring,  and  the  constant  failure  since,  there  is  coincidently  with  this 
nearly  as  low  a  percentage  of  nitrogen  in  the  surface  soil  as  with  alter- 
nate wheat  and  fallow  without  manure.  It  is  obvious  that  any  accumu- 
lation near  the  surface,  due  to  residue  from  the  small  crops,  has  been  more 
than  compensated  by  exhaustion.  The  evidence  offered  by  the  figures 
may  be  said  to  be  of  a  somewhat  negative  character ;  but  it  is  at  any 
rate  clear  that  failure  of  growth  has  been  associated  with  a  declining 
and  very  low  percentage  of  nitrogen  in  the  surface  soil. 

The  next  results  are  of  a  very  much  more  definite  character.  They  relate 
to  the  two  portions  of  the  field  which  had 'grown  six  corn  crops  in  suc- 
cession by  artificial  manures  alone,  was  then  divided  (in  1873),  and  on 
one  half  clover  and  on  the  other  half  barley  was  grown.  Table  I  shows 
that  in  the  clover  crops  151.3  pounds,  and  in  the  barley  only  37.3  pounds 
of  nitrogen  were  removed.  Yet  in  the  next  year,  barley  being  grown 
over  both  portions,  the  one  which  had  yielded  151.3  pounds  in  clover 
now  yielded  69.4  pounds  in  barley  5  and  the  other,  which  had  yielded 
only  37.3  in  barley,  now  yielded  only  39.1  pounds  in  barley. 

In  October,  1873,  after  the  clover  and  barley  had  been  removed  and 
before  the  land  was  plowed  up,  samples  of  the  soil  were  taken  as  fol- 
lows ;  From  each  portion  four  separate  samples,  each  12  by  12  inches 
area  and  9  inches  deep,  and  the  nitrogen  was  determined  in  each  sepa- 
rate sample  and  also  in  an  equal  mixture  of  the  four.  Six  other  samples, 
each  6  by  6  by  9  inches,  were  also  taken  from  each  of  the  two  portions, 
and  the  six  samples  representing  each  portion  were  mixed,  and  the 
nitrogen  determined  in  the  mixture.  At  each  place  corresponding 
separate  samples  were  taken  and  mixtures  made,  representing  re- 
spectively the  second  and  the  third  9  inches  of  depth.  In  all  cases 
three  and  in  many  four  determinations  of  nitrogen  were  made  on  each 
sample.  The  following  table  gives  the  mean  results  on  the  four  sepa- 
rate samples,. the  mean  on  the  mixture  of  the  four,  and  the  mean  on 
the  mixture  of  the  six  : 

Table  XIII. — Experimental  clover  and  barley  land. 


Mean. 

1873. 

. 

Clover  land. 

Barley  land. 

Per  cent. 
0.1554 
0.  1566 
0. 1578 

Per  cent. 
0  1411 

Mean  on  mixture  of  four  samples  (12  In  12  by  9) 

Mean  on  mixture  of  six  samples  (6  by  6  by  9) 

0. 1387 

0.  1450 

Means 

0. 1566 

0. 1416 

. 

The  accordance  of  the  three  sets  of  determinations  for  the  clover  land 
and  for  the  barley  land,  respectively,  can  leave  no  doubt  whatever  that 
llicrewasaconsiderably  liigherpercentageof  nitrogen  in  the  first  9  inches 
of  the  clover  ground  than  the  same  depth  of  the  barley  ground.    The  re- 
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suits  must,  indeed,  be  accepted  as  indicating  a  marked  distinction  in  the 
direction  which  is  entirely  consistent  with  what  is  known  of  the  influence 
of  a  clover  crop  as  a  preparation  for  a  succeeding  cereal  one,  and  entirely 
consistent  with  the  results  actually  obtained  with  the  bailey  succeed- 
ing the  clover.  It  is,  however,  very  difficult  to  suppose  that  the  figures 
correctly  represent  in  degree  the  average  difference  in  the  composition 
of  the  first  9  inches  of  the  two  plots,  for,  calculated  per  acre,  the  ex- 
cess of  nitrogen  in  the  surface-soil  of  the  clover  plot  would  represent 
an  accumulation  equal  to  twice  as  much  as  was  removed  in  the  three 
cuttings  of  the  clover,  notwithstanding  all  visible  vegetable  debris  was 
removed  before  the  soils  were  submitted  to  analysis  ;  nor  have  the  sub- 
sequent crops  benefited  as  much  as  would  be  expected  from  such  an 
amount  of  accumulation.  On  the  other  hand,  samples  taken  in  1877 
still  show  a  higher  percentage  of  nitrogen  in  the  surface  soils  of  the 
•clover  plots. 

It  is,  at  any  rate,  obvious  that  the  surface  soil  of  the  clover  ground 
lias  gained  nitrogen  either  from  above  or  from  below — from  the  atmos- 
phere or  from  the  subsoil ;  and,  so  far  as  the  determinations  of  nitrogen 
in  the  subsoil  go,  the  indication  is  that  if  from  below  it  is  mainly  at  least 
from  a  lower  depth  than  27  inches.  It  is  freely  admitted  that  in  the 
facts  of  this  experiment  as  they  stand  there  is  no  evidence  as  to  the 
source  of  the  large  amount  of  nitrogen  of  the  clover  crop  and  of  the  in- 
creased amount  of  it  in  the  surface  soil.  In  the  absence  of  such  evi- 
dence it  is  natural  enough  to  assume  that  the  atmosphere  has  been  the 
source;  but  whilst  there  is  absolutely  nothing  in  favor  of  this  view  ex- 
cepting the  fact  that  an  explanation  is  needed,  and  that  if  that  source 
were  established  the  difficulty  would  be  solved,  there  is,  to  say  the 
least,  much  more  evidence  in  favor  of  the  supposition  that  the  subsoil 
has  been  the  source  of  at  any  rate  much  of  the  nitrogen. 

THE  SOILS  OF  THE  MELILOTUS  LEUCANTHA  AND  WHITE -CLOVER  PLOTS. 

Reference  has  already  been  made  elsewhere  to  the  enormous  growth 
of  Melilotus  leucantha  and  the  enormous  amount  of  nitrogenlt  yielded 
for  several  years  in  succession  on  the  laud  where  no  nitrogen  had  been 
applied  for  more  than  thirty  years,  and  where  red  clover  had  so  fre- 
quently failed.  The  crop  of  1882  was  higher  still,  and  the  yield  of  ni- 
trogen in  it  would  certainly  exceed  100  pounds  per  acre ;  whilst  under 
exactly  similar  conditions  ordinary  red  and  white  clover  gave  very 
small  produce.  Accordingly,  as  soon  as  the  crops  were  removed,  sam- 
ples of  soil  were  taken  from  one  of  the  melilotus  plots  and  from  the  cor- 
responding white  clover  plot.  Samples  were  taken  from  two  places  on 
each  plot,  and  in  each  case  to  the  depth  of  six  times  9  inches,  or  in  all 
54  inches.  The  examination  of  these  samples  of  soil  is  as  yet  very  in- 
complete, but  the  following  interesting  facts  have  been  ascertained : 

Whilst  the  strong  roots  of  the  melilotus  were  found  to  penetrate  to 
the  lowest  depths  of  the  sampling,  there  was  very  little  development  of 
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white  clover  roots  beyond  the  surface  soil.  Whilst  to  the  eye  and  to 
the  hand  the  subsoil  where  the  metilotus  had  grown  was  pumped  dry, 
and  was  somewhat  disintegrated,  to  the  full  depth  sampled,  that  of  the 
clover  plot  had  no  such  character.  Determinations  in  the  soils  and 
subsoils  show  at  each  of  the  six  depths  much  less  water  in  the  melilotus 
than  in  the  white-clover  soils;  and  the  difference  is  by  far  the  greater 
in  the  lower  depths.  Calculated  per  acre,  it  would  appear  that  to  the 
depth  of  54  inches  the  melilotus  soil  had  lost  approximately  450  tons 
more  water  per  acre  than  the  white-clover  soil;  and  there  can  be  no 
doubt  that  the  pumping  action  had  extended  deeper  still. 

There  is  here,  then,  clear  evidence  that  the  plant  whose  habit  of 
growth,  and  especially  whose  range  and  feeding  capacity  of  root,  suited 
it  to  the  conditions,  was  enabled  to  take  up  much  more  water,  and 
doubtless  with  it  much  more  food,  than,  under  exactly  similar  condi- 
tions of  soil,  were  at  the  command  of  the  plant  of  the  much  weaker  de- 
velopment. 

That  the  deep-rooting  melilotus  did  derive  more  nitrogen  from  the  sub- 
soil than  the  shallow-rooting  white  clover  is  obvious  from  the  following 
facts :  Watery  exhausts  were  made  of  each  soil,  at  each  depth,  and  the 
nitrogen  as  nitric  acid  determined  in  them.-  The  following  table  sum- 
marizes the  results : 

Table  XIY. — yitrogen  as  nitric  acid. 


Per  million,  dry 
soil. 


ilelilo- 
tus  soil. 


White- 
clover 
soil. 


First  9  inches 1.25  3.19 

Second  9  inches 0.  35  ,  1.  07 

Third  9  inches .' 0.  20  0.  64 

Fourth  9  inches 0.31  1.00 

Fifth9inches 0.27  1.40 

Sixth  9  inches 0.  53  1.  69 

Total 


Per  acre. 


Melilo- 
tus soil. 


White- 
clover 
soil. 


Differ- 
ence. 


Pounds.     Pounds.     Pounds. 


3.33 
0.95 
0.  56 
0.96 
0.84 
1.65 


8.42 
2.89 
1.79 
2.99 
4.38 
5.  31 


5.  03- 
1.94 
1.23 
2.03 
3.54 
3.66 


S.29 


25.  78 


17.49 


Thus  the  melilotus  had  not  only  exhausted  the  water,  but  the  nitric 
acid  of  the  soil  at  each  depth  very  much  more  than  the  white  clover 
had  done,  and  the  difference  is  especially  marked  at  the  lower  depths. 
It  is  seen  that  in  the  case  of  the  white-clover  soil  there  is  a  diminishing 
amount  of  nitric  acid  from  the  first  to  the  third  depth,  and  then  an  in- 
creasing quantity  to  the  sixth  depth.  It  may  fairly  be  supposed  that 
there  is  greater  concentration  lower  still,  and  that  the  exhausting  ac- 
tion of  the  melilotus  extended  beyond  the  depth  examined. 

There  is  here  direct  evidence  that  the  subsoil  is  the  source  of  at  any 
rate  some  of  the  excess  of  nitrogen  of  the  melilotus  over  that  in  the 
white  clover.     The  quantity  and  the  distribution  of  nitric  acid  in  the  soil 
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at  anyone  time  are  so  dependent  on  temporary  conditions  that  it  would 
be  fallacious  to  attempt  to  estimate  from  the  figures  as  they  stand  the 
exact  amount  which  the  melilotus  has  taken  up  more  than  the  white 
clover.  Then  it  is  obvious  that  the  action  extended  below  the  depth  ex- 
amined, and  it  is  a  question  whether,  with  the  greater  disintegration 
and  greater  aeration,  nitrification  would  not  be  favored  in  the  lower 
depths,  and  if  so  the  supply  would  be  in  a  sense  cumulative.  Lastly,  it 
may  be  that  the  deeply  and  widely  distributed  melilotus  roots  have  the 
capacity  of  taking  up  nitrogen  from  the  subsoil  in  other  forms  than  as 
nitric  acid. 

NITROGEN    AS   NITRIC    ACID   IN    OTHER    SOILS    AND    SUBSOILS. 

It  will  be  some  further  aid  in  judging  of  the  possibility  or  probability 
that  the  nitric  acid  in  the  soil  and  subsoil  may  be  an  adequate  source  of 
the  nitrogen  of  the  Leguiniuosa?.  if  we  quote  a  few  results  indicating  the 
amount  of  nitric  acid  found  in  soils  under  known  conditions. 

In  the  first  place  three  soil  drain-gauges,  one  with  20,  one  with  40? 
and  one  with  60  inches  depth  of  soil,  in  its  natural  state  of  consolida- 
tion, and  each  of  one-thousandth  of  an  acre  area,  have  been  under  experi. 
ment  for  between  eleven  and  twelve  years.  ]No  manure  has  been  ap- 
plied to  these  soils  from  the  commencement :  the  drainage  has  been 
regularly  collected  and  measured,  and  for  nearly  the  whole  of  the  last 
five  years  the  nitric  acid  has  been  determined  in  monthly  average 
samples  of  the  drainage  waters.  Taking  the  result  of  the  three  gauges. 
for  four  harvest  years  (from  September  to  August)  these  soils,  which 
had  been  about  six  years  without  any  manure  at  the  commencement  of 
the  period  under  consideration,  have  lost  by  drainage  an  average  of 
42  pounds  of  nitrogen  as  nitric  acid  per  acre  per  annum,  of  which  per- 
haps not  much  more  than  5  pounds  would  be  due  to  rain  and  con- 
densation of  combined  nitrogen  from  the  atmosphere.  In  fact,  from  30 
to  35  pounds  have  been  annually  due  to  the  nitrification  of  the  nitro- 
genous matter  of  these  uumanured  soils.  It  has  to  be  borne  in  mind, 
however,  that  the  blocks  of  soil  having  access  of  air  from  below  as  well 
as  from  above,  the  nitrification  may  have  been  freer  than  it  would  be  in 
soil  in  its  ordinarv  condition. 

Again,  in  some  of  the  samples  of  soil  taken  from  the  plots  in  the  ex- 
perimental wheat. field  in  October,  1865,  and  in  many  of  those  taken  in 
October,  1881,  that  is  in  each  case  about  two  months  after  the  .removal 
of  the  crop,  the  nitric  acid  has  been  determiued.  In  the  case  of  one 
plot  sampled  in  1865,  determinations  made  in  1866  (by  Dr.  Pugh's 
method)  showed  between  60  and  70  pounds  of  nitrogen  as  nitric  acid 
per  acre  to  the  depth  of  27  inches.  In  the  samples  of  1881  the  amount 
of  nitric  acid  found  represented  from  under  30  to  over  50  pounds  of 
nitrogen  per  acre  in  that  form,  down  to  the  depth  of  27  inches,  where 
ammonia  and  salts  or  nitrate  had  been  applied  for  the  previous  crops. 
As  in  the  case  of  the  white-clover  land,  the  amount  decreased  from  the 
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first  to  the  third  9  inches  of  depth  from  the  surface,  and  if  as  in  that 
<case,  it  increased  in  the  lower  depths,  we  have  evidence  of  a  consid- 
erable store  of  nitric  acid  available  for  such  plants  as,  by  virtue  of  their 
habit  of  growth,  are  able  to  gather  up  the  residue  accumulated  within 
the  subsoil. 

Determinations  made  in  samples  collected  in  the  experimental* rota- 
tion field  in  September,  1878,  showed  the  following  amounts  of  nitrogen 
as  nitric  acid  per  acre  to  the  depth  of  18  inches : 


With  super-  i  W  i  t  h  full 
phosphate  :  complex  ma- 
only.  !    nure. 


Pounds.  I  Pounds. 

After  fallow ' 36.  3  48.  8 

After  heans 10.  6  20.  5 

Difference 25. 7  j  28.  3 

i 

Samples  collected  at  the  same  date  from  the  unman ured  alternate 
wheat  and  fallow  plots  showed  to  the  same  depth : 

Pounds. 

After  fallow 33.7 

After  wheat 2.6 

Difference 31.1 

Lastly,  two  fields  which  had  been  manured  and  cropped  in  the  ordi- 
nary course  of  the  farm,  and  had  been  fallowed  since  the  previous 
autumn,  showed  the  following  amounts  of  nitrogen  as  nitric  acid  per 
acre  to  the  depth  of  27  inches  : 

Pounds. 

Clay  croft  field 58.8 

Foster's  field 56.5 

It  will  be  seen  that  in  none  of  the  cases  cited  is  the  amount  of  nitric 
acid  found  in  the  soils  to  the  depth  examined,  sufficient  to  account  for 
so  large  an  accumulation  in  crop  and  in  the  surface  soil  as  the  figures 
relating  to  the  nitrogen  in  the  produce  of  clover,  and  in  the  clover  and 
barley  soil  would  indicate  had  been  accumulated.  The  amounts  of 
nitric  acid  formed,  or  remaining,  within  a  limited  depth  from  the  sur- 
face, at  any  one  time,  is,  however,  as  already  intimated,  dependent  on 
so  many  temporary  circumstances,  that  it  is  not  to  be  expected  that  the 
amount  formed  within  such  limits  at  any  given  time  would  represent 
more  than  a  fraction  of  that  which  would  be  available  even  within  that 
range  during  the  long  period  of  growth  of  the  clover  crop.  Then,  the 
indications  are  that  there  is  a  considerable  accumulation  beyond  the 
depth  to  which  most  of  our  examinations  apply.  And  there  still  re- 
mains the  question  whether  the  roots  of  the  plant  do  not  take  up  ni- 
trogen from  the  subsoil  in  other  states  than  as  nitric  acid. 

Finally  in  regard  to  the  experiments  with  clover  and  barley,  it  is  ad- 
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initted  that  the  various  results  of  soil  examinations  which  have  been 
adduced  do  not  conclusively  show  the  source  of  tbe  whole  of  the  nitro- 
gen to  have  been  the  soil.  It  will,  we  think,  nevertheless  be  granted, 
that  they  do  clearly  point  to  the  fact  that  at  any  rate  much  of  it  is  de- 
rived from  that  source;  whilst  there  is  no  evidence  whatever  of  an  at- 
mospheric source  of  more  than  the  small  amount  of  combined  nitrogsn 
coming  down  in  rain  and  the  minor  aqueous  deposits,  and  the  probably 
still  smaller  amount  absorbed  from  the  atmosphere  by  porous  soil. 

NITROGEN   IN    SOME     OF    THE     SOILS    OF     THE   EXPERIMENTAL  MIXED 

HERBAGE   PLOTS. 

The  results  next  to  be  referred  to  will  afford  additional  evidence  of 
the  soil-source  of  the  nitrogen  of  the  Leguminosa\ 

In  Table  3  it  was  shown  that  in  the  mixed  herbage  of  permanent 
grass  land,  without  manure  33.0  pounds,  and  with  a  purely  mineral 
manure  (including  potash)  55.6  pounds  of  nitrogen  were  yielded  per 
acre  per  annum  in  the  crop  over  a  period  of  twenty  years.  Whence 
comes  the  22.6  pounds  more  nitrogen  per  acre  per  annum  taken  up  when 
the  mineral  manure  was  applied  than  without  manure? 

After  twenty  years  of  continuous  experiment  samples  of  soil  were 
taken  from  three  places  on  each  plot,  and  in  each  case  to  the  depth  of 
six  times  9  inches,  or  54  inches.  The  mean  results  of  the  determi- 
nations of  nitrogen  in  the  surface  soils  are  given  in  T;ible  XV  which 
follows : 

Table  XV.— Experiments  on  Permanent  Meadow  Land. 
Nitrogen,  per  eent.  in  dry  mold  and  per  acre. 


1870. 

1876. 

1878. 

Per  cent. 
0.  2517 

Per  cent. 
0. 2466 
0. 2236 

Per  cent. 

'-■ 

0.  2246 

Difference 

0.  0230 

t-v.  «.                                c  Total  twenty  years 

Pounds. 
506.  0_ 
25.3 

I),fler*'ncePera<,re--|  Average  per  annum  

Although  we  have  not  previously  quoted  the  figures  we  have  on 
several  occasions  stated  in  general  terms  that  determinations  of  nitro- 
gen in  the  soils  show  a  lower  amount  in  the  mineral  manured  soil,  ap- 
proximately corresponding  to  the  increased  yield  in  the  crop;  and  it  is 
in  reference  to  our  statements  on  this  point  that  M.  Joulie  has  called  in 
question  the  possibility  of  obtaining  results  of  the  kind  applicable  to 
our  argument.  He  takes  the  fact  of  the  increased  yield  of  nitrogen 
under  the  influence  of  purely  mineral  manure  as  conclusive  proof  of 
the  atmospheric  source  of  the  increased  amount  of  nitrogen  assimilated. 
He  assumes  that  our  calculations  are  based  on  determinations  of  nitro- 
gen in  a  sample  of  the  mixed  soil  to  the  total  depth  of  54  inches.  He 
calculates  that  in  the  mass  of  soil  to  that  depth  the  difference  in  the 
7709- — 11' 
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amount  in  the  two  cases  would  be  far  too  small  to  furnish  a  justification 
for  the  important  conclusion  that  the  soil  was  the  source  of  the  nitrogen- 
and  he  objects  that  the  roots  of  such  herbage  would  derive  their  nutri- 
ment chiefly  in  the  superficial  layers.  He  further  objects  that  if  the 
difference  we  assume  were  a  fact,  it  is  probably  due  to.  an  accidental 
■difference  in  the  soil  of  the  two  plots,  such  a  difference  having  been 
admitted  by  us  in  the  case  of  another  plot.  Lastly,  he  suggests  that  if 
there  really  were  the  reduction  we  suppose,  it  might  be  due  to  other 
causes — such  as  increased  activity  of  nitrification  under  the  influence 
of  the  mineral  manure  and  passage  of  the  nitrates  downwards. 

In  the  first  place,  in  the  case  of  the  irregularity  in  the  condition  of 
cue  of  the  plots  referred  to,  the  difference  was  readily  seen  in  the  sec- 
tion of  the  soil,  and  there  was  no  such  difference  in  the  instance  now 
under  consideration. 

Then  it  is  the  determination  of  nitrogen  in  the  first  9  inches  of  soil 
alone,  to  which  we  have  hitherto  referred,  and  to  which  we  confine 
attention  on  the  present  occasion. 

In  the  next  place,  that  the  difference  in  the  condition  of  the  two 
plots  is  not  merely  local  is  shown  by  the  fact  that  the  determinations 
on  a  sample  from  the  unmanured  plot  taken  in  1870  entirely  confirm 
the  relative  composition  shown  by  the  samples  of  1876.  Again,  the 
lower  percentage  of  nitrogen  in  the  1870  samples  of  the  mineral  ma- 
mured  plot  is  entirely  confirmed  by  the  results  obtained  on  samples 
taken  in  1878.  Further,  of  the  twenty  experimental  plots,  there  is 
only  one  other  showing  anything  like  so  low  a  percentage  as  the  mineral- 
manured  plot,  and  that  is  the  one  which  has  received  the  same  mineral 
manure,  but  for  a  shorter  series  of  years. 

We  have  in  fact  no  doubt  whatever  that  the  differences  shown  by  the 
figures  are  real  and  dependent  on  the  conditions  of  manuring  and  of 
growth.  The  reduction  is,  moreover,  very  great,  amounting  to  nearly 
one-tenth  of  the  total  quantity  of  nitrogen,  an  amount  far  beyond  the 
limits  of  accidental  difference  in  the  sampling  or  the  analysis. 

Calculated  per  acre,  the  surface  soil  of  the  miueral-manured  plot  con- 
tained, at  the  end  of  the  twenty  years,  506  pounds  less  nitrogen  than  the 
soil  of  the  unmanured  plot  to  the  same  depth,  corresponding  to  an  annual 
reduction  of  25.3  pounds  of  nitrogen  per  acre  per  annum.  It  is,  to  say 
the  least,  a  very  remarkable  coincidence  that  the  increased  yield  of  ni- 
trogen on  the  mineral-manured  plot  which  has  to  be  accounted  for  is 
22.6  pounds  per  acre  per  annum. 

We  do  not  pretend  to  claim  absolute  accuracy  for  such  results,  but 
we  ourselves  entertain  no  doubt  whatever  of  their  significance  and 
their  importance.  It  will  be  asked,  How  is  it  that  in  the  case  of  the 
red  clover  and  the  melilutas  it  was  concluded  that,  so  far  as-  the  plants 
had  derived  their  nitrogen  from  the  soil,  it  was  at  any  rate  mainly 
from  the  lower  depths,  and  that  here  we  assume  the  increased  yield  of 
nitrogen  to  be  derived  from  the  surface  soil  % 

Under  the  influence  of  the  miueral  manure  a  larger  proportion  and 
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amount  of  leguminous  herbage  was  developed  than  on  any  other  plot, 
but  the  leguminous  plant  the  most  and  indeed  very  prominently  fa- 
vored was  the  Lathy  r  us  pratensis,  which  throws  out  an  enormous  quan- 
tity of  root  near  the  surface;  and  it  is  sufficiently  established  that  the 
potash  of  artificial  manures  remains  almost  exclusively  in  the  superficial 
layers.  On  the  other  hand,  the  perennial  red  clover  and  the  Lotus  cor- 
nicuhitus,  which  have  a  much  more  deeply-rooting  tendency,  are  com- 
paratively little  encouraged.  The  actual  amount  of  leguminous  herb- 
age produced,  however,  is  not  sufficient  to  account  for  nearly  the  whole 
of  the  increased  yield  of  nitrogen  in  the  produce  of  the  plot.  The  fact 
is  that  besides  a  proportionately  very  large  increase  in  the  growth  of 
leguminous  herbage,  there  has  beeu  a  gradually  increasing  amount  of 
gramineous  produce  developed;  far  beyond  what  would  be  anticipated 
from  the  extremely  limited  effect  of  such  manures  on  gramineous  crops 
grown  separately  on  arable  land.  How  far  this  result  may  be  due  to 
the  much  more  active  nitrification  induced  under  the  influence  of  the 
mineral  manure  in  the  much  more  highly  nitrogenous  grass  land  than 
in  the  poorer  arable  soil,  and  so  yielding  a  direct  supply  to  the  graminae 
of  the  mixed  herbage,  or  how  far  to  an  increased  supply  in  a  condition 
available  for  the  grasses  as  the  result  of  the  increased  growth  of  the 
Leguminosae,  may  be  a  question.  But  it  is  of  interest  to  note  that  the 
gramineous  species  that  are  developed  are  among  the  most  superficially 
rooting  of  the  grasses  found  on  the  experimental  plots. 

Before  leaving  the  subject  of  these  experiments  on  the  mixed  herbage 
of  grass  land,  it  may  be  well  to  call  attention  to  the  fact  that,  on  the 
assumption  that  the  whole  of  the  nitrogen  of  the  herbage,  beyond  the 
small  amount  of  already  combined  nitrogen  contributed  by  rain  and 
condensation  from  the  atmosphere,  is  derived  from  the  soil,  we  have  to 
conclude  that  about  25  pounds  per  acre  per  annum  have  been  yielded 
by  the  soil  of  the  unmanured  plots,  and  nearly  an  additional  25  pounds, 
or  in  all  about  50  pounds,  from  the  mineral-manured  plot.  It  was  esti- 
mated that,  in  the  case  of  the  continuous  wheat  experiments,  about  20 
pounds  of  nitrogen  had  been  annually  obtained  in  the  crop,  and  a  min- 
imum of  12  pounds  lost  by  drainage;  in  all  32  pounds.  It  cannot  fail 
to  be  observed  how  closely  this  amount  corresponds  with  the  annual 
yield  of  nitrogeu  in  the  unmanured  mixed  herbage.  With  the  richer 
grass  land,  though  less  aerated  than  arable  land,  it  might  be  expected 
there  would  be  some  increased  activity  of  nitrification,  even  in  the  un- 
manured soil,  and  there  may  be  some  loss  by  drainage;  but,  with  a 
mixed  herbage  of  some  50  species  of  very  varying  habit  of  growth, 
and  with  the  possession  of  the  soil  all  the  year  round,  it  is  only  what 
would  be  expected  that  there  would  be  more  of  the  available  nitrogen 
taken  up  by  the  crop  and  less  lost  by  drainage  than  with  the  cereal 
grown  separately  on  arable  land,  and  occupying  the  soil  for  only  a  very 
limited  period  of  the  year. 

We  conclude,  then,  that  the  results  relating  to  the  two  mixed  herbage 
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plots  can  leave  little  doubt  that  the  increased  yield  of  nitrogen  in  the 
more  highly  leguminous  produce  of  the  mineral-manured  plot  had  its 
source  in  the  stores  of  the  soil  itself. 

SOURCE  OF  THE  NITROGEN  OF  CLOVER  GROWN  ON  RICH  GARDEN  SOIL. 

We  have  one  more  illustration  to  bring  forward  having  an  important 
bearing  on  the  question  at  issue. 

Iu  view  of  the  signal  failure  in  the  attempt  to  grow  red  clover  on  a 
nitrogen  exhausted  arable  soil,  it  is  of  much  interest  that  large,  though 
declining,  crops  have  been  grown  for  twenty -nine  years  in  succession  on 
a  plot  of  rich  kitchen-garden  soil. 

The  experiment  was  commenced  in  1 854,  and  the  following  table  shows 
the  percentage  of  nitrogen  in  samples  of  the  first  9  inches  of  soil  taken 
in  October,  1857,  and  in  May,  1879;  that  is,  with  an  interval  of  twenty- 
one  seasons  of  growth.  In  1857  only  one  sample  was  taken,  and  only  to 
the  depth  of  9  inches,  but  in  1879  three  samples  were  taken,  iu  each 
case  to  the  depth  of  twice  9,  or  18  inches: 

Table.  XVI. — Clover  Grown  on  Kitchen-Garden  Soil. 

Nitrogen,  per  cent,  in  dry  mold  mid  per  acre. 


1857. 


Per  cent. 


1879.       Difference. 


0.  5095 


Per  cent. 
0.  3635 
0.  3640 
0.  36-26 


Per  cent 


0.  3634 


0. 1461 


Per  acre,  total  

Difference  per  acre  per  annum 


!  Pounds. 
;      10. 190 


Pounds. 
7.268 


Pounds. 
2.  922 
0.139 


The  percentage  of  nitrogen  given  for  the  single  sample  collected  iu 
October,  1857,  is  the  mean  of  determinations  made  in  1857,  180G,  and 
1880,  and  is  almost  identical  with  the  mean  of  those  made  at  the  latest 
date.  The  first  point  to  observe  is  that  the  first  9  inches  of  the  garden 
ground  contained  more  than  half  a  per  cent,  of  nitrogen,  about  four 
times  as  much  as  the  average  of  the  arable  soils,  and  nearly  five  times 
as  much  as  the  exhausted  clover-laud  soil.  It  is  of  course  true  that  the 
soil  would  be  correspondingly  rich  in  all  other  constituents  :  but  some 
portions  of  the  arable  soil  where  clover  failed,  had  received  much  more 
of  mineral  constituents  by  manure  than  had  been  received  in  the  crops. 

The  means  of  the  determinations  made  on  the  three  separate  samples 
taken  in  1879  agree  very  well,  and  the  results  can  leave  no  doubt  what- 
ever that  there  has  been  a  great  reduction  in  the  stock  of  nitrogen  in 
the  surface  soil.  The  reduction  amounts  to  about  29  per  cent,  of  the 
total,  and,  reckoned  per  acre,  as  shown  at  the  foot  of  the  table,  it  cor- 
responds to  a  loss  of  2.922  pounds  during  the  twenty-one  seasons  of 
growth  5  and  although  really  good  crops  are  still  grown  in  most  years? 
there  has  been,  with  this  great  reduction  of  the  stock  of  nitrogen  in  the 
soil,  a  very  marked  reduction  in  the  clover-growing  capability  of  the 
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soil.  Thus,  during  the  first  fourteen  of  the  twenty-niue  years  of  the  ex- 
periment, seed  was  sown  only  three  times,  whilst  during  the  last  fifteen 
years  it  has  been  necessary  to  sow  ten  times.  It  is  obvious,  therefore? 
that  the  plant  stood  very  much  longer  during  the  earlier  than  the  later 
years.  Then,  again,  the  produce  from  the  three  sowings  during  the  first 
fourteen  years  was  nearly  twice  as  much  as  has  been  obtained  since. 

The  question  obviously  arises,  what  relation  does  the  amount  of  ni- 
trogen lost  by  the  soil  bear  to  the  amount  taken  off  in  the  crops  *?  We 
quite  admit  the  uncertainty  of  calculations  of  produce  per  acre  from  the 
results  obtained  on  a  few  square  yards.  We  are,  however,  disposed  to 
estimate  the  average  yield  of  nitrogen  over  the  twenty-one  years  at 
about  200  pounds  per  acre  per  annum.  The  table  shows  that  against 
this  we  have  an  estimated  loss  of  nitrogen  by  the  first  9  iuches  of  soil 
of  139,  say  140,  pounds  per  acre  per  annum,  corresponding  approxi- 
mately to  three-fourths  of  the  amount  estimated  in  the  crop. 

There  is,  however,  evidence  leading  to  the  conclusion  that,  at  any  rate 
in  the  case  of  arable  soils  containing  an  unusually  high  percentage  of 
nitrogenous  organic  matter,  there  maybe  a  loss  by  evolution  as  free  ni- 
trogen ;  and,  obviously,  so  far  as  this  may  have  occurred  in  the  garden 
soil,  there  will  be  the  less  of  the  determined  loss  to  be  credited  to  assimila- 
tion by  the  growing  clover.  On  the  other  hand,  it  is  known  that  when 
growing  on  ordinary  arable  soil,  the  clover  plant  throws  out  a  large 
amount  of  roots  in  the  lower  layers,  and  although  in  the  case  of  so  rich 
a  surface  soil,  the  plant  may  derive  a  larger  proportion  of  its  nutriment 
:rom  that  source,  we  must  at  the  same  time  suppose  that  it  has  also 
availed  itself  of  the  resources  of  the  subsoil.  Unfortunately,  we  did 
not  sample  deeper  than  9  inches  in  1857,  so  that  we  can  make  no  com. 
yarison  of  the  condition  of  the  subsoil  at  the  two  periods.  It  may,  how- 
ever, be  observed  that  in  1879  the  second  9  inches  showed  about  three 
:imes  as  high  a  percentage  as  the  subsoils  of  the  arable  fields  at  the 
same  depth  :  indeed,  not  far  from  twice  as  high  a  percentage  as  several 
of  the  exhausted  arable  surface  soils.  It  cannot  be  doubted,  therefore, 
that  the  subsoil  of  the  garden  plot  has  contributed  to  the  yield  of  nitro- 
gen in  the  crop. 

If,  then,  we  have  not  here  absolute  proof  that  rhc  source  qf  the  whole 
of  the  nitrogen  of  clover  growing  on  the  garden  soil  was  the  soil  itself, 
we  have  surely  very  strong  grounds  for  concluding  that  much  of  it 
has  been  so  derived. 

OENERAL    CONCLUSIONS. 

Iii  fact,  after  this  review  of  the  evidence  which  the  determinations  of 
nitrogen  in  the  soils  of  our  experimental  plots  afford,  we  end,  as  we 
began,  by  saying  that,  although  we  admit  the  facts  of  production  are 
not  yet  conclusively  explained,  we  maintain  that  there  is,  to  say  the 
least,  much  more  of  direct  experimental  proof  of  the  soil  than  of  the 
atmospheric  source  of  the   nitrogen.     Moreover,  we  submit  that   this 


182  FIELD    EXPERIMENTS    WITH    VARIOUS    FERTILIZERS. 

may  be  said  not  only  of  the  source  of  the  nitrogen  of  the  cereals,  but 
of  the  root  crops  and  of  the  Leguminosse. 

If,  on  the  other  hand,  the  atmosphere  is  the  main,  if  not  the  exclusive, 
source  of  the  nitrogen  of  the  Legurninosae,  we  would  ask  here,  as  we 
have  asked  elsewhere,  why  those  leguminous  crops  which  take  up  the 
most  nitrogen  can  be  less  frequently  grown  on  the  same  soil  %  Why  we 
entirely  failed  to  grow  clover  successively  on  ordinary  arable  land, 
which  was  nevertheless  in  a  condition  to  yield  fairly  good  corn  crops  f 
Why  the  only  condition  under  which  we  have  been  able  to  grow  clover 
continuously  was  where  the  soil  was  very  much  richer  in  nitrogen  (and 
of  course  in  other  constituents  also)  than  the  arable  land  %  And  lastly, 
why  its  growth  under  such  circumstances  has  been  accompanied  by  a 
rapid  diminution  in  the  amount  of  nitrogen  in  the  soil,  and  with  this  a 
marked  decline  in  the  produce  '? 

It  will  not  for  a  moment  be  supposed  that  because  in  the  foregoing 
illustrations  and  arguments  we  have  confined  attention  almost  exclu- 
sively to  the  nitrogen  in  the  soils,  we  in  any  way  ignore  the  importance 
of  a  liberal  available  supply  of  the  mineral  constituents,  so  essential 
for  the  effective  action  of  the  nitrogen.  There  is  abundant  evidence, 
however,  that  the  failures  that  have  been  cited  have  not  been  due  to  a 
deficiency  of  such  constituents. 

If,  then,  the  supply  of  mineral  constituents  not  being  defective,  the 
yield  of  our  crops  is  in  the  main  dependent  on  the  amount  of  nitrogen 
which  is  available  to  them  within  the  period  of  their  growth,  surely  the 
fertility  of  a  soil  must  be  largely  measured  by  the  amount  of  nitrogen 
it  contains  and  the  degree  in  which  it  becomes  available.  And  if  this 
be  so,  is  not  the  soil  a  mine  as  well  as  a  laboratory? 

In  this  connection,  speaking  here  in  America,  it  will  not  be  inappropri- 
ate to  conclude  with  a  brief  reference,  such  as  the  limited  data  at  our 
command  will  permit,  to  what  we  believe  must  be  a  characteristic  differ- 
ence between  the  comparatively  recently  or  even  not  yet  broken  up 
soils  of  this  continent,  and  those  which  have  been  long  under  arable 
culture  on  the  other  side  of  the  Atlantic. 

A  sample  of  Illinois  soil  obtained  some  years  ago  by  Mr.  (now  Sir) 
James  Oaird,  and  submitted  by  him  for  analysis  to  Dr.  Voelcker,  to 
whom  we  are  indebted,  not  only  for  his  own  analytical  results,  but  also 
for  a  sample  of  the  soil  itself,  sbows,  by  almost  identical  results  in  the 
two  laboratories,  very  nearly  0.25  per  cent,  of  nitrogen.  We  have  no 
history  of  this  soil,  nor  do  we  know  the  depth  to  which  it  was  taken,, 
but  Dr.  Voelcker  informs  us  ihat  the  sample  supplied  to  us  was  a  mix- 
ture of  both  soil  and  subsoil  as  supplied  to  him,  and  in  the  separate 
surface  soil  he  found  0.33  per  cent,  of  nitrogen. 

During  the  present  year  between  forty  and  fifty  samples  of  soil  from 
the  Northwest  Territory,  taken  at  intervals  between  Winnipeg  and 
the  Rocky  Mountains,  were  sent  over  to  the  High  Commissioner  in  Lon- 
don, and  exhibited  at  the  recent  show  of  the  Royal  Agricultural  Society 
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of  England,  at  Beading.  The  soils  were  exhibited  in  glass  tubs  4 
feet  in  length,  and  are  stated  to  represent  the  core  of  soil  and  subsoil 
to  that  depth.  Three  samples  of  the  surface  soils  have  kindly  been  sup- 
plied to  us  for  the  determination  of  the  nitrogen  in  them  : 

No.  1  is  from  Portage  le  Prairie,  about  GO  miles  from  Winnipeg,  and 
has  probably  been  under  cultivation  for  several  years.  The  dry  mold 
contained  0.2471  per  cent,  of  nitrogen. 

No.  2  is  from  the  Saskatchewan  district,  about  140  miles  from  Winni- 
peg, and  has  probably  been  under  cultivation  a  shorter  time  than  No. 
1.     The  dry  mold  contained  0.3027  per  cent,  of  nitrogen. 

No.  3  is  from' a  spot  about  40  miles  from  Fort  Ellis,  and  may  be 
considered  a  virgin  soil.  The  dry  mold  contained  0.2500  per  cent,  of 
nitrogen. 

In  general  terms  it  may  be  said  that  these  Illinois  and  Northwest 
Territory  surface  soils  are  more  than  twice  as  rich  in  nitrogen  as  the 
average  of  the  Eothamsted  arable  surface  soils,  and,  so  far  as  can  be 
judged,  probably  twice  as  rich  as  the  average  of  arable  soils* in  Great 
Britain.  They  indeed  correspond  in  this  respect  very. closely  with  the 
surface  soils  of  our  permanent  pasture  land.  As  this  nitrogen  has  its 
source  in  the  accumulation  from  ages  of  natural  vegetation,  with  little  or 
no  removal,  it  is  to  be  supposed  that,  as  a  rule,  there  will  not  be  a  relative 
deficiency  of  the  necessary  mineral  constituents.  Surely,  then,  these 
new  soils  are  mines  as  well  as  laboratories  !  If  not,  what  is  the  meaning 
of  the  term  a  fertile  soil  f 

But,  assuming  these  soils  not  to  be  deficient  in  the  necessary  mineral 
supplies,  and  that  they  yield  up  annually  in  an  available  condition  an 
amount  of  nitrogen  at  all  corresponding  to  their  richness  in  that  con- 
stituent, it  may  be  asked  whether  they  should  not  yield  a  higher  average 
produce  of  wheat  per  acre  than  they  are  reported  to  do  ?  The  exhausted 
experimental  wheat  field  at  Eothamsted,  the  surface  soil  of  which  at  the 
commencement  of  the  experiments  thirty-nine  years  ago  probably  con- 
tained scarcely  half  as  high  a  percentage  of  nitrogen  as  the  average  of 
these  four  American  soils,  yielded  over  the  first  eight  years  17  J ;  over 
the  next  fifteen  years,  15 J;  over  the  last  fifteen  years  (including  several 
very  bad  seasons),  only  11£  bushels;  and  over  the  whole  thirty-eight 
years  about  14  bushels  per  acre  per  annum.  So  far  as  we  are  informed, 
the  comparatively  low  average  yield  of  the  rich  Northwest  soils  is  largely 
due  to  vicissitudes  of  climate,  but  largely,  also,  to  the  luxuriant  growth 
of  weeds,  which  neither  the  time  at  command  for  cultivation  nor  the 
amount  of  labor  available  render  it  easy  to  keep  down.  Still,  if  there  be 
any  truth  in  the  views  we  have  advocated,  it  would  seem  it  should  be  an 
object  of  consideration  to  avoid,  as  far  as  practicable,  this  great  source 
of  reduction  of  the  fertility  of  these  now  rich  soils. 
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